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Jn ACI Journal next month 


T. ©. Powers and H. H. Sreinour present “An Interpretation of Published 
Researches on the Alkali-Aggregate Reaction. Part 1 The Chemical Reactions and 
Mechanism of Expansion.” The paper brings together principal facts, and interprets 
them from a single viewpoint, on (1) the nature of the reactions ultimately responsible 
for expansion that may occur when the concrete contains silica in a reactive form and 
(2) the mechanism of the abnormal expansion. 


“Special Purpose Waterfront Structure of Precast Reinforced Concrete,” by 
Win I. Wiison, describes a precast concrete ramp built for the U.S. Navy 
to be used by a special device for removing landing craft from the water. The 
deck of the ramp is made up of triangular precast plates with flanges that fit 
into grooves in the precast girders. This arrangement was chosen to minimize 
the effect of errors in the grade of the pile caps. 


A test of 35 restrained beams with web reinforcement is presented in “Shear Strength 
of Reinforced Concrete Beams. Part 3--Tests of Restrained Beams With Web Rein- 
forcement,” by R. C. Exsrner, K.G. Moony, I. M. Viesr, and Hognesrap. Tests 
were made to show (1) effect of varying amount and inclination of web reinforcement, 
(2) effect of increased beam depth, and (3) effect of increased ratio of shear span to 
effective depth 


J. O. Henrie presents “Magnetite Tron Ore Conerete for Nuclear 
Shielding,” which describes the development and use of magnetite concrete in 


block for a “hot cell” used in radiochemical work. Crushing and handling 


the ore is discussed; a comparison of cost and physical properties is made with 


other concretes; and fabrication of the block is deseribed. 


In “Flat Slab Solved by Model Analysis,” by Geratp Bowen and R. W. SHarrer, 
a practical model analysis procedure for determining elastic moments, shears, 
torsions, and deflections in any plate structure under transverse loads is presented. 
The method, known as “photo reflective stress analysis” or the ‘Presan method,’’ is 
deseribed in detail, An analysis and reinforcing steel design of a continuous square 
bay flat plate supported by columns of finite diameter is presented and compared to 
mathematical analysis of the same structure using ACI Building Code moment co- 
efficient (M,) and standard elastic analysis and design procedures 


For “Fly Ash-Sulfur Mixture for Capping Concrete Test’ Cylinder,” by 
Huserr F. McDoneui, an investigation was made of various materials 
used in capping concrete cylinders. The purpose was to develop a mixture 
that was economical and would produce caps that would allow testing within 
2 hr and not flow or fracture. A fly ash-sulfur mixture, properly combined, 
met the requirements. The preparation of the mixture and the capping 
procedure are described. Test results on 2 x 2-in. cubes at 1, 2, and 5 hr are 
given. 
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Structural Applications of Hyperbolic Paraboloidical 
Shells* 
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SYNOPSIS 


Advantages ol hyperbolic paraboloidical surlaces: are 


given. Theoretical 
considerations and formulas for stress investigations of such structures are 


reviewed briefly Some applications of these structural shapes are deseribed 


INTRODUCTION 


Hyperbolic paraboloidical surfaces are extremely interesting from a strue- 
tural and constructive point of view. Their use in reinforced concrete shell 
roofs offers the same advantages inherent to all shells of this material, 7.¢ 

lightness, incombustibility,' economy of material, security against explosions, 
bombardments and earthquakes, and little sensitiveness to foundation settle- 
ments. These last properties are consequences of their structural action, not 


restricted to one plane, but working as space-frames 
Many shell structures in Gormany showed remarkable resistance to the 
effects of bombing during the last war. In some industrial plants, the damaged 


parts of the structure were cut away and rebuilt repeatedly after successive 


incidents, a total collapse being almost impossible to obtain 


Torroja’s well-known shell roof of the “Frontén Recoletos” in) Madrid, 
Spain? —a double barrel vault of the so-called “gull wing” type which, cover- 
ing an unobstructed area of 180 x 110 ft, held for several vears the world’s 


record span for long cylindrical shells was severely damaged by 


bombing 
during the Spanish civil war. One of the many impacts (there were 17 in total) 
produced a hole in the roof of about 200 sq it 


In spite of important deform- 

ations caused by the blast, the roof held up tor several months before collaps- 
*Presented at the ACT 50th annual convention, Denver, Colo. Feb. 24, 1954 lithe No. 51-20 part of copy 


righted JouRNAL or AMERICAN Concrete V. 26, No. 5. Jan. 1955, M’roceedinga V. Separate 
prints are available at 50 cents each. Diseyssion (copies in triplicate) should reach the Institute not later than May 


1, 1955 Address 18264 W. MeNichols Rd., Detroit 19, Mich 
tMember American Concrete Inetitute Architect, Cubiertas Ala, S. A and Professor, becula Nacional de 
Arquitectura, Mexico City, Mexico 
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ing. In 1952 Larras* tested a barrel vault of elliptical cross section, supported 
at the four corners and spanning 85 x 42 ft. One of the corners was raised 
10 in. and lowered again several times, but not a single crack was seen in the 
shell during the tests. 

The previous examples refer to cylindrical shells, which being developable 
surfaces of single curvature are more exposed to deformations and failure 
than doubly curved shells. A series of load tests on a 43-ft cantilever com- 
posed of hyperbolic paraboloids 2 in. thick has been described by Laffaille.4 
The amplitude of deformations under alternate loads at the end of the 
overhang attained | ft 4 in. without appreciable damage to the structure. 

Mquations of membrane stresses are especially fitted to picture the state of 
stresses in doubly curved surfaces like those under consideration because 
flexural stresses are only possible after extensional deformations of considerable 
magnitude. Perhaps an example will clarify this idea. Consider a revolu- 
tion dome loaded symmetrically with respect to the rotation axis. Sub- 


stantial extensional strains or variations of length of the parallel circles must 


necessarily occur before changes of curvature and consequent bending may 
appear along the meridian lines. Similarly, for a concentrated load acting 
af any given point of a spherical dome to produce dents in the shell surface, 
the circles immediately around the considered point must elongate materially 

a condition easily attainable in a rubber ball, built of a very extensible 
material, but virtually impossible in a concrete dome until the direct stresses 
along the circles in the vicinity of the considered point have attained the 
large values corresponding to the aforementioned strains. 

In the case of antielastic shells like hyperbolic paraboloids, the intuitive 
analysis is not so easily visualized as in the dome, but the same principles 

well-known to the builders of automobile bodies—are involved. Conse- 
quently, bending stresses may be expected only in some particular cases 
and they are always limited to small zones in the vicinity of supports. Further- 
more, as they are skew or nondevelopable surfaces, they present extraordinary 
strength to buekling. Both characteristics allow the reduction of the shell 
thickness to a practical minimum and in many cases the elimination of stiff- 
ening ribs. 

On the contrary, bending stresses and buckling danger are usually important 
in developable surfaces especially in long eylindrical shells where they 
condition dimensioning and design, requiring a substantial shell thickness. 

Another property which makes these structural shapes preferable con- 
struction-wise to other curved surfaces is that they are generated by two 
systems of straight lines. This allows the formwork to be composed only of 
straight timber, without resorting to cumbersome and costly arched forms. 


SURFACE DEFINITION 


Assume two straight nonparallel, nonintersecting lines, HOD and ABC 
(Fig. 1), in space, which will be provisionally named directrix. Straight lines 
h,, that intersect both directrix, being at the same time parallel to one plane 
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z 


Fig. 1—Surface definitions 


xOz named director plane, define the surface. They will be ealled the first 
system of generatric. The two directrix determine in their turn a second 
director plane yOz, parallel to them. The surface may also be considered as 
created by a second system of generatrie (, parallel to this plane and intersecting 
every generatrix h, of the first system. 

The hyperbolic paraboloid contains, therefore, two systems of straight lines 
h, and 7,, each system being parallel to a director plane and both planes 
forming an arbitrary angle w. Every point of the surface is the intersection 
of two straight lines contained in the surface. 

Taking as coordinate axis the two generatrix passing by the crown of the 
paraboloid and the paraboloid axis or intersection of both director planes, 
the equation of the surface will be: 

kor y sin w (1) 


k being a constant which is proportional to the paraboloid’s unitary warping 


or unitary slope lin Fig. 1,4 AA’ (OB OW & sin w)|;2Oy can be any angle; 
wOz and yO are right angles. When the director planes form a right angle 
(w 0) deg), the paraboloid is equlateral, and Kq. (1) becomes z kev y, 


representing the surface in rectangular coordinates. Plane sections parallel 
to the bisecting planes of the director dihedral angle 2Oy are parabolic. They 
are named principal parabolas, and are respectively curved upward (GOC 
and downward (AOK); hence the surface is anticlastic or inversely doubly 
curved 

As a translation surface (Pig. 2), the paraboloid may be considered a 
venerated by «a principal parabola ABC that moves parallel to itself along 
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Fig. 2—The paraboloid surface 


has two systems of parabolic 
generatrix 


an inverse principal parabola BOF. Therefore, the surface has two systems 


of parabolic generatrix. Hach system is composed of identical parabolas 


situated in parallel planes. All these well-known properties are very useful 
in the erection of centering 


STRESS ANALYSIS 


* in a surface represented by z = f(xy) are 


Mquations of membrane stresses 
obtained? 7" by expressing the equilibrium along x, y, and z of the forces 
acting in the surface element shown in Fig. 3, neglecting the differentials of 


second order. They are: 


Fig. 3—Angle « is formed by two intersecting 
generatrix 


*It must be understood that stresses in this exposition are, strietly speaking, stresses times the shell thickness 
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2sr = pX + 
where, according to Monge’s notation 
6°2 
by br 
besides, v,, v, and rare the projections of real stresses upon plane «cy (Fig. 3). 


wl 1 (4) 
and XY, Y, and Z are the coordinate components of external forces, measured by 
unity of surface projection on plane zy. All forces, stresses, and directions 
of coordinate axis represented in Fig. 3 are taken as positive. 
Since the hyperbolic paraboloid is represented by liq. (1) 
p=kysine; gq=krsina; / t(=0; 38 ke sin w 
and Eq. (2¢) becomes 
2Zksinw Xr ksinw yX +ksinw Y Z 
Z 
2k sin w 
Differentiating Eq. (6) with respect to 2 and y, substituting in Mg. (2a) and 
(2b), and integrating the resulting expressions, the general solutions of |v 


z 


and v, are obtained, containing respectively arbitrary functions of either y 


or x which must be determined by the boundary conditions. Eg. (4) give the 
final values of real stresses ¢,, ¢,, and r. 

It should be noted that o, and oa, are oblique components of stresses since 
they are parallel to the sides ds; and ds» of the element of surface. Therefore, 
the usual constructions of Mohr’s or dyadie circles cannot be used to obtain 
the stresses in other sections, except approximately in very flat surfaces 

Angle @ (Fig. 3) formed by two intersecting generatrix is obtained®!’ by 
the following formula: 

pq + 
(1 + p®) (L + 
Normal and tangential stresses og, Tg, On any section whose normal forms an 
angle — 8 with the normal to the x axis, are obtained by consideration of the 


COS a (4) 


Fig. 4—Conditions of equilibrium 
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equilibrium in the og and rg directions, respectively, in Fig. 4. 


sin’? sin sin (a + B) sin? + 8) 
Og = 0,— + Dr (8) 
Siti Silia Sin 
sin 8 cos B sin (a + 2) sin (a + 8) cos (a + 8) 
= toy (9) 
Sill 


Directions of principal stresses are determined by setting rg equal to zero in 
(9) 
27 + a, in 2a 
tun 20 (10) 
a, + 27 cos a + a, COs 2a 


where — @ and (90 — @) are the angles of principal stresses with the normal 


to the # axis. Values of principal stresses are: 


ain’ @ sin O sin (a + @) sin? (a@ + 6) 

oO; }- Zr T Gy (Su) 
Sith a@ Silla 
cos? cos 6 cos (a + 6) cos? (a + 6) 

0, + 2r tT Gy . (Sb) 
Sith Sin a@ 


THE WARPED PARALLELOGRAM 

Consider now a portion of a hyperbolic paraboloid limited by four straight 
generatrix (Fig. 5). This amounts to dropping one vertex B’ of a plane 
parallelogram AB’CO a certain distance BB’ and joining with straight lines 
point #B with the adjacent vertexes A and C. The resultant surface will be 
called a warped parallelogram. Structural shapes very useful in practice are 
obtained by association of such surfaces (Fig. 6a, b, ¢, d, e, and f). 

Results of stress analysis under different types of load are presented in the 
following. 
Uniformly distributed load on horizontal projection (snow load) (Fig. 5) 

In this case 0, Y = 0, and Z = gsinw. From Eq. (6) 


BB'-f 


Tx OC Fig. 5 — Uniformly distributed 
Ty" Tx OA load on horizontal projection 


: 
+ 
sinw 
xy 
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q 
T constant (11) 
and Ig. (la) and (1b) become 
6 vu, 6 uv, 
and 
6, 6 
or integrating 
Si (y) and Uy So (r) 
a; fi and a, fo J (12 
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where f; (y) and fy (2) are arbitrary integration functions to be determined 
by the boundary or support conditions. 

Kg. (12) denote that internal membrane equilibrium can be maintained 
under edge loads of arbitrary value in directions of the straight generatrix 
that intersect the edge under consideration. If these edge loads or support 
reactions are insignificant, o, =o, = 0 and + = 4 constant, which represents 
a plane pure shear state of stress, identical at every point of the surface. 

When the warping of the surface is small (/ < 0.04), this type of load can 
be approximately substituted for dead load with constant thickness. Since 
a differs but little from w, the usual case of w = 90 deg leads to the simple 
solution 


q 

deg and | (13) 
which means that principal tensile and compressive stresses form a 45 deg 
angle with the directions of generatrix and have the same absolute value 
as pure shear stresses (Pig. 5). 

Under these assumptions (but not with other types of load), stresses normal 
to the boundary generatrix do not exist since they are directions of pure 
shear. Nonequilibrated shears add up along the four sides of the warped 
parallelogram, resulting in tangential tensile or compressive forces (according 
to the mode of support of the surface), which are the only reactions of the 
shell. 

The structural action of these surfaces could be comparable to that of a 
funicular vault, which transforms vertical loads into tangential stresses, 
producing thrusts that are directed along the tangent to the surface at the 
spring-lines. Warped parallelograms resolve vertical loads into tangential 
forces directed along their four straight edges. 


Uniformly distributed surface load in z direction (dead load) (Fig. 7) 


Z q V sin? w 4 p? + 2pq COS w sin w k2y? + k2x? 2 k*ry cos w 
q sin w Vo (14) 
From Eq. (6): 
Z 


2k sin w 


qky cos w 
2 Vo 


Introducing the new variables 


dm 


dy 2nm COB w. (16) 


a 
Y 0 
Sk 
br g 2k*z 2k? cos w g kz k y cos w 
2k 2 Vo 
| dn 
m=kz; n= ky; dr 
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Fig. 7—Uniformly distributed 
surface load in direction 
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where f; (y) and f, (rc) are constants of integration to be determined by means 
of the support or boundary conditions 
A change of variables may simplify the computations, allowing the em- 


ployment of general charts’* independent of » and / and, therefore, valuable 
for any type of paraboloid 
(1S 
Mle kor cose ’ sin 
qd 
= Vi + my? +n Vl (15) 
*The author has prepared design charts (adapted from the report by Aimond) whieh are available from ACT . 


headquarters at the cost of reproduction 
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my Log, + oy o| 4 (19a) 
sin w vy Log, [me + vol + file 

(20a) 


(20b) 


The analytical determination of functions fy (y) and f, (2), corresponding 
to gq. (17) or (19), may be very complex, but a method of finite differences* 
can be advantageously employed. This means in practice that it suffices to 
find the numerical value which must be added to the stresses along each 
generatrix (of the lattice of them that we may want to consider) to comply 
with the support conditions at a certain edge. We may, for instance, cancel 
the normal stress component along one edge, introducing, as fy (y) or fs (x), 
a set of stresses equal and opposite to those resulting at such edge from Eq. 
(17) or (19), but this involves the introduction of the same set of stresses at 
the opposite edge, as if each generatrix were a tie or a strut, and it will produce, 
of course, alterations in the state of stress at the interior points of the surface. 

From these considerations it becomes clear that a single warped parallelo- 
gram, under this type of load, cannot be in equilibrium, except if at least two 
contiguous sides have edge members or support elements able to resist loads 
of any direction. Considerations of symmetry in associations of several 
warped parallelograms may lead to simplifications of the necessary support 
conditions, but there will always remain nonequilibrated stress components 
along certain edges 


Fill load (fig. 8) 


weight per unit volume of ean) 


(23x) 
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Fig. 8—Fill load 


AB’ CB acinus z 


Ig. (24) and (25) show that the nonequilibrated normal edge stresses can 
be taken by any one of the opposite edges, according to the surface property 
to transfer edge loads directed along straight generatrix. 

Resulting stresses under less usual types of load can be found in the liter- 
ature.?* However, analytical investigations of wind loads presented in 
such papers are-—in the writer’s opinion—only of academic. significance, 
since the rather drastic assumptions indispensable to render feasible a mathe- 
matical analysis lead to over-simplified distribution laws which have little 
in common with what is known at present about the real behavior of such 
loads.'* For flat shells of small size, it can be assumed that wind effeet will 
be only suction, lessening the actual stresses in the structure. An experimental 
investigation would be necessary for more critical cases. 


CONSTRUCTION EXAMPLES 


Several hyperbolic paraboloidical shell structures recently built in’ Mexico 
City are described in the following. 


Associations of warped parallelograms 

An experimental umbrella shell composed of four warped parallelograms is 
shown in Fig. 9. It is 26 ft square, with a total rise of 2 ft din. and a thickness 
of 3% in. This shell is going to be tested to ascertain the ability of these 
structures to withstand the loads usual at intermediate floors. It has been 
designed for a live load of 86 Ib per sq ft, which in addition to its own weight 
and to the load of lightweight concrete fill to obtain a top level surface will 
give a total load of 118,000 Ib. Fig. 10 shows the comparatively heavy rein- 
forcement of this shell. Principal reinforcement is concentrated at centers 


of external edges. Compression ribs at interior edges have been omitted in 
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Fig. 9 (left)—Experimental umbrella shell composed of four warped parallelograms built in 
Mexico City in 1953. It is 26 ff square and shell thickness is 3% in. Fig. 10 (right)—Top view of 
reinforcement and centering 


this case, since the thickness of the slab and its folded shape at these parts 
have been considered sufficient to withstand the resulting compressive forces 
without danger of buckling. The first umbrella shell built by the author was 
33 ft square, with a rise of 3 ft 4 in. and a thickness of only 1!6 in. General 
reinforcement was *¢-in. and '4-in. diameter diagonal bars at 8 in. on centers. 
Compression ribs were reinforced with five bars of !o-in. diameter. A thin 
stiffening rib was disposed around the perimeter. 

Turning upside down the previously shown structure, there result) shapes 
(ig. 11) in whieh the direction of edge forces is also inverted. The perimeter 
acts in compression and the interior edges in tension. This structure was 
demolished later and the shell shown in Fig. 12 was built in substitution. 

This apparently unstable unsymmetrical umbrella (Fig. 12) is balanced 
by employing |!o in. of perlite concrete in the long arm of the shell which 
cantilevers 36 ft and ordinary concrete 8 in. thick in the short side. General 
dimensions are 50 x 15 ft, with a total rise of 5 ft. It has only a thin stiffening 
rib around the perimeter. A covered walkway roofed with small umbrella 


shells 10 x 10 ft square which are supported on 3-in. diameter steel pipe can 


also be seen in Fig. 12. 

Since these surfaces resist uniformly distributed loads without bending, 
another interesting application can be found in reinforced concrete footings 
(hig. 13) or continuous foundations, substituting for the usual beam and 


Fig. 11—Twin umbrella shells 

forming entrance canopy at Ciba 

Pharmaceutical Laboratories, 

Mexico City, built in 1953. Each 

shell was 16% x 20 ft and 11% in. 

thick. Architects—A. Prieto and 
F. Candela 


HYPERBOLIC PARABOLOIDICAL SHELL 


Fig. 12—Unsymmetrical umbrella shell forming entrance canopy at Ciba Pharmaceutical Labo- 

ratories, Mexico City, built in 1954. It measures 50 x 15 ft with a rise of 5 ft. The long arm 

was 11 in. thick perlite concrete, the short arm was 8 in. thick ordinary concrete. The covered 

walkway on the right was roofed with umbrella shells supported on 3-in. diameter steel pipe, 

which also served as drains for the roof. Each shell was 10 x 10 ft and 1% in. thick. Architects 
—A. Prieto and F. Candela 


slab structures. For a warehouse in Mexico City substantial economy was 


achieved by using this type of footing 
The warehouse has a total length of 720 ft and a width of 105 ft. Columns 


Fig. 13 (left)—Umbrella shell footings for Mexico City Customs House built in 1953. Each 
footing shell was 10 x 16% ft and 6 in. thick. Architects—C. Recamier and F. Candela. 
Fig. 14 (right)—Reinforcement of umbrella shell footings for the warehouse 
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are 16 ft 6 in. apart longitudinally and a beam and slab foundation strip 
1 ft wide was originally planned under them. The very poor soil bearing 
capacity required increasing the strip width to 10 ft. By warping the slab 
(Fig. 14), it was possible to omit the beam, in spite of the additional 
width, and the final cost was considerably lower than for the first design. 
The slab has a uniform thickness of 6 in. and is nominally reinforced with a 
mesh of *%-in. bars at 8 in. on centers. Principal reinforcement of 5-in. 
bars is concentrated on the contour of each LO x 1615-ft unit which has a 
total rise of 2 ft 6 in. The ground, a very soft clay, was first roughly cut 
to approximately the desired form, and received its final shape by coating 
with mortar inside a simple form built to follow the rough contour of the 
warped parallelogram. The hard surface thus obtained facilitated placement 
of reinforcement and concreting. 


The warehouse roof itself (Fig. 15) consists of short catenary-shaped, cylin- 


drical shells of 66-ft span, with two cantilevered parts of 20 ft covering the 
loading platforms. Uniform thickness is 1!9-in., with stiffening ribs in co- 
incidence with the columns. Expansion joints, necessary in view of the 
expected deformations of the foundation ground, occur each 33 ft 4 in. in 
coincidence with openings for roof lights in the central aisle. Tie rods, com- 
posed in the central part of three l-in. diameter mild steel bars encased in 
concrete, were placed above the shell to expedite the movement of the travel- 
ing formwork. In a second warehouse, parallel to the first one, one %4-in. 
diameter hard steel bar, tensioned by a hydraulic jack, was used instead of the 
three rods, 

Another combination of warped parallelograms produces rectangular domes 
(hig. 6d and 16) in which all edges are in compression. The structure in 
lig. 16 is composed of eight rectangular domes, 33 x 37 ft each, disposed 


Fig. 15—Short cylindrical shells roofing the 

Mexico City Customs House. The warehouse 

is 720 ft long; span is 66 ft in the central aisle 

with two cantilevers of 20 ff over the loading 

docks. Shell thickness was 112 in. Architects 
. Recamier and F. Candela 
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Fig. 16 (left) —Rectangular domes composed of four warped parallelograms at Parisina textile 
plant, Mexico City, built in 1953. Each dome was 33 x 37 ft and 1% in. thick. Architects—J. 
Gorbea and F. Candela. Fig. 17 (right)—Interior view of the textile plant roof 


in pairs separated by lighting aisles which hang from the shell edge ribs 
Shell thickness is 1! in. increasing to 4 in. at the interior edge ribs. General 
reinforcement is purely nominal, a mesh of '4-in. round steel at 8 in. on 
centers sufficing for temperature purposes, since tensile stresses at interior 
points of each surface are low and can be taken safely by conerete alone 
Fig. 17 is an interior view of the same roof. Mild steel tie rods are disposed 
along the four sides of each dome. Difficulties in tensioning such tie rods 
produced a horizontal displacement of 2 in. at the head of one corner column 
which, although not sufficient to endanger the structure, was detrimental to 
appearance. In a later addition, tie rods were of medium hard steel and 
tensioned by hydraulie jack. The rectilinear timber form can be seen in the 
interior view. 

Fig. 18 represents another structure of the same type with lighting aisles 
surrounding each dome, whose dimensions are 43 x 42 ft, with a rise of 6 ft 
8 in. and a thickness of 1!5 in 


Paraboloids limited by principal parabolas 
Fig. 19 shows «a simple unsymmetrical shell of this type, whose general 
dimensions are 23 x 41 ft, with a rise of S ft. One springer of the shell vault 


Fig. 18—Rectangular domes com- 
posed of four warped parallelo- 
grams at the Frey furniture plant, 
Mexico City, built in 1954. Each 
dome was 42 x 43 ft and 11% in. 
thick. Note the four-legged 
central support. Architects— 
L. Cabrera and F. Candela 
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Fig. 19—Unsymmetrical hyperbolic paraboloidical vault was used in the car-port for a house 
built in 1953 at El Pedregal, Mexico City. Arrchitects—H. Almada and F. Candela. Inset— 
One springer is supported by a tympan at only one point with each side cantilevering 11 ft 6 in. 


is supported on rock ground. The other one rests in a concrete wall or tympan, 
being supported at only one point with two cantilevered parts of 11 ft 6 in. 


The shell works almost like a funicular vault for the permanent loads, 


since for small rises the parabola does not differ much from the catenary, 


but the upward curvature of the cross section results in considerable inertia, 
which allows it to resist without stiffening ribs the bending moments resulting 
from the eccentricity of the pressure line for accidental loads with respect 
to the parabolic directrix. At the side of the isolated support, the springer 
of the shell, together with the plane edge member, works like a double canti- 
lever of angular cross section and is reinforced accordingly. The warped 
form of the springer part of this beam will produce secondary bending moments 
in the slab,'! which must be doubly reinforced at this part to resist them. 

The uncommon formwork of this shell is shown in Fig. 20. Two layers of 
expanded metal lath were employed instead of the usual wood sheathing. The 
straight disposition of the wood joists laid along a system of generatrix can 
be clearly seen in the picture. A simple cement mortar coat formed the 
body and extrados of the shell. The supporting joists were removed after 
two days, and the underside of the shell was finished with a further mortar 
coat. The uneven sagging of the metal lath occasioned an indeterminable 
and probably unequal shell thickness, which was intended at first to be 
about | in. 
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Fig. 20—Two layers of expanded fee eee 
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metal lath were used as integral 


formwork for the car-port shell - 


Fig. 21 shows the centering for the Cosmie Rays Pavilion at the Ciudad 
Universitaria de Mexico.'* Fig. 22 shows an interior view of the tongue-and- 
groove |5-in. flooring board and straight joists directed respectively along 
either system of generatrix, and demonstrating that, in spite of theoretical 
impossibility, it is not so difficult in practice to form a nondevelopable surface 
with straight sheathing, allowing that this can bend a little at some places. 
Concreting of the shell is illustrated in Fig. 23. Thickness of the mortar coat 
forming the upper part of the shell was only 54 in. 

The roof for a loading platform in a milk plant near Mexico City is built 
with conoidal cantilevers (Fig. 24), composed of surfaces which, for small 


Fig. 21—Formwork for shell was laid on 2 x 4-in. wood joists disposed along one system of straight 
generatrix 
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Fig. 22—-Straight boards were used as formwork 
for the Cosmic Rays Pavilion built in 1951 at 
the Ciudad Universitaria de Mexico 


rises, Can be supposed to work in a similar manner to those previously de- 
scribed,'* although the formwork is more difficult to build. The structure 
cantilevers 13 ft at each side with a thickness of 1! in. 


CONCLUSIONS 

The standard thickness of 114 in. has been found the most convenient for 
these shells, since its concreting does not require special care and ordinary 
gravel, up to | in., can be employed in the mix. 

The experience of the author with these structural shapes shows that their 
behavior is satisfactory, even when their design is simplified by radical as- 
sumptions and even when they are built without too careful workmanship. 
It is believed, furthermore, that their imaginative employment could lead to 
pleasing architectural solutions. 


Fig. 23—Concreting operations 
on the Cosmic Rays Pavilion. 
Thickness of the mortar coat 
forming the upper part of the 
shell was only % in. Architects— 
J.Gonzalez Reyna and F.Candela 
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Fig. 24—Conoidal double canopy roofing the truck loading platform at the Ceimsa milk bottling 
plant, Tlainepantla, Mexico, built in 1952. Architects—C. Recamier and F. Candela 
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SYNOPSIS 
Data are presented on the shear strength of 61 restrained beams without 
web reinforcement. Tests were carried out in five series with the following 
variables: (1) conerete strength and percentage of longitudinal reinforce- 


ment, (2) beam depth, (3) ratio of shear span to effective depth of beam, (4) 
cutting off the reinforcement in accordance with the ACT Building Code, and 
(5) relative magnitude of negative and positive moments 

The beams were tested with one concentrated load at each overhang and 
one or two concentrated loads in the span. All beams failed in shear after one 
or more diagonal tension cracks formed in the regions of maximum shear. Up 
to the formation of diagonal tension cracks, the behavior of all beams was the 
same as that of beams failing in flexure. Formation of diagonal tension cracks 
led to a new distribution of internal stresses which prevailed until failure 

Magnitude of the load causing the formation of the initial diagonal tension 
cracks depended primarily on the dimensions of the cross section and on the 
strength of the conerete. Increases of load beyond the cracking load were 
made possible by redistribution of internal stresses. At failure, the com- 
pression zone of concrete was destroyed at the critical section. Magnitude of 
the ultimate loads depended primarily on the dimensions of the cross section, 
on the amount of longitudinal reinforcement, on the concrete strength, and on 
the ratio M/Vd. Ratio of the ultimate load to the cracking load decreased 
with increasing ratio of shear span to effective depth 


INTRODUCTION 


Kxperimental studies were made on simple and restrained reinforced 
concrete beams to determine their shear strength. Results of the tests of 
simple beams were reported in Part 1 of this series.'. The results of tests of 
61 restrained beams without web reinforcement are reported in this paper 
An analysis of the results will be presented in Part 4. 
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SPECIMENS, EQUIPMENT, AND TEST PROCEDURES 

Test program and specimens 

The tests of 61 restrained beams were made in five series as indicated in Table 1. Series I 
comprising 31 beams, made as the basic series of tests, was designed to investigate the effects 
of concrete strength and percentage of longitudinal reinforcement. Series I] comprising 12 
beams was made to investigate the effeet of beam depth. Series [V comprising six beams was 
made to investigate the effects of increasing the ratio of the shear span* to the effective depth 
of the beam. Series V comprising three beams was designed to investigate the effects of cutting 
off the reinforcement in accordance with the ACT Building Code 318-51. Series VI comprising 
nine beams was made to investigate the effects of changing the relative magnitude of the 
negative and positive moments 

The details of individual specimens are given in Fig. | and Table 1, and the beams are de- 
seribed in the following text. The beams of Series I], IV, V, and VI were identical with com- 
parable beams of Series T except for the differences described below. 


*lor the purposes of this paper the shear span is defined as the distance between a reaction and the nearest 
interior load point 
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Fig. 1—Details of beams 
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TABLE 1—DETAILS OF SPECIMENS * 


Longitudinal reinfores ment 


Beam Nominal 
No. f.’ Number and sizes p 
psi of bars percent Py pet 
Series | 
h S000 4 #558 1 47 M 
i S000) #68 N 
I-la, b S000 2 
Za, b, « S000 $ 
3a, b S000) il 
Ij 1000 1 #58 1 47 M 
k 1000 1 40 N 
I 4a, b 1000 2 
fia, b 1000) lt I 
5000 #58 1 47 M 
m 5000 N 
I-7a, b O00 a7 il 2 I) 
Sa, S000 as if $ | 
In 1000 4 £58 1 47 M 
6000 £055 10 N 
r 6000 #9 Q 
Series I] 
ll a S000 sis O 54 I 
b S000 £58 84 
d S000 1 4 
Il-17a, b $000 H 2.15 
18a, b S000) 4 eu ll 2.72 
14a, b S000 1 tl $ 46 (; 
20a, b S000 4.25 i 
Series 
h S000 4 fos 1.47 M 
i #68 2.10 N 
k 3000 #8 a 
\ 
V-b S000) 1 47 
aus 76 Q 
Series VI 
Via S000) O95 J 
b i #58 1 47 
‘ S000) i - #68 2.10 N 
Vif S000 ais 210 N 
hi WOOO ‘ $ I’ 
i OOO 4 1 7H 
*All beams were 15 ft 4 in long and of res tangular cross se« tion 7 im. wide remforced with equal amounts of 
longitudinal steel in the bottom and in the top. Reinforcement was nade of intermediate trade deformed bars 
For other details see Fig. 1. Beams designated only with letters (¢.g., | B) were single specimens: beans desiv 
Lated with arabic numerals and letters la, b) were « specimens, the ond type of de sivnation 


letters a, and distinguish between specimens 
tSee Table 3 
3H--hooked bars straight bars 
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Series [All specimens of this series were rectangular beams 15 ft 4 in. long and 7 x 15 in 
in cross section. The effective depth was 12.0 in. for the bottom reinforcement and 11.75 in 
for the top reinforcement. The beams were divided into four groups, concrete of different 
mix proportions being used for each group. The percentage of longitudinal reinforcement was 
varied over a wide range within each group. Equal amounts of longitudinal reinforcement 
were provided in the top and bottom of the beams; both the top and bottom reinforcement 
was made up of four bars arranged in two layers. The bars were continuous throughout the 
beams except for the upper bars of the bottom reinforcement which were cut off at the support 
bearing blocks (Fig. 1). In some of the beams the top longitudinal steel was provided with 
hooks; other beams were reinforced with straight bars only 

The locations and relative magnitudes of the loads applied to the beams (Fig. la) were 
such that the maximum negativesand maximum positive moments were of equal magnitude 
and the maximum shear occurred in the shear span. Since all applied loads were concentrated, 
the maximum shear was approximately constant throughout the length of the shear span \t 
the supports and at the interior load points both the maximum moment and the maximum 
shear were present 

Series [1 All beams of this series were 7 x 24 in. in cross section and were made of con- 
crete of the same mix proportions. The effective depth was 21.0 in. for the bottom reinforce- 
ment and 20.75 in. for the top reinforcement 

Series 1\ All beams of this series were made of concrete of the same mix proportions and 
with straight bars only. They were loaded with one load at the end of each overhang and 
with one load at midspan in such a manner that the maximum negative and the maximum 
positive moments were equal, similarly as in Series [and I 

Series Vo Specimens of this series were made of conerete of the same mix proportions 
Mach beam had a different percentage of longitudinal reinforcement. All bars were straight 
and were cut off in accordance with ACT 318-51 as shown in Fig. Ib 

Series VI This series included two groups of specimens; concrete of different mix propor- 
tions was used for each group. The reinforcement included straight bars only. The relative 
magnitudes of loads were such that the maximum negative moment was twice the maximum 
positive moment, Since the maximum shear was constant throughout the shear span, the 


maximum moment and maximum shear occurred simultaneously over the supports. 


Materials 

All beams were made with Type T portland cement, Wabash River torpedo sand, and Wabash 
River gravel, Specifie gravities of the sand and gravel were 2.65 and 2.70, respectively, 
fineness modulus of the sand was 3.07, and maximum size of gravel was | in. Both aggre 
gates passed the usual ASTM tests. Average properties of the concrete mixtures are given in 
Table 2.) The conerete strengths for individual beams are presented with the beam test results 
in Table 4 

Deformed bars of intermediate grade steel meeting ASTM designation A305-50T were 
used for all reinforcement. Typical bars of various sizes are shown in Fig. 2 fesults of the 
control tests of tensile coupons are given in Table 3, in which only averages for bars of similar 


properties are given. Bars of the same average properties are designated in Table 3 with 


TABLE 2—PROPERTIES OF CONCRETE MIXTURES 


Nominal NLIX ratio Average Average 
psi by weight * by weight slump, in f’,t psi 
3000 1: 3.67: 5.21 1.21 3.2 3380 
1000 1: 3.07: 4.43 1 46 3.0 1130 
SOOO 1: 2.63: 3.80 1 3.0 SOOO 
i: 2.54: 3.82 2.10 2.0 ALO 


*Cement: sand: gravel 
thor f of individual specimens see Table 4 
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Fig. 2—Reinforcing bars 


NO G 


NO 7 


capital letters; the same letters indicate in Table 1 which bars were used in any particular 
beam. 


Fabrication of specimens 
Fabrication of all beams and control cylinders was identical with that deseribed for simple 
beams of Series [IIT in Part 1.! 


Test equipment and procedures 

The beams were tested in a 300,000-Ib Olsen machine of the beam type and in a 3,000,000-11 
Southwark Emery hydraulic machine. In Series I, If, V, and VI the load was applied at four 
points: at the end of each overhang and at the third-points in the span between the supports 
In Series LV the load was applied at three points: at the end of each overhang and at midspan 
Details of the testing apparatus are shown in Pig. 3 and 4 


TABLE 3—PHYSICAL PROPERTIES OF REINFORCEMENT* 


Number Average Average Average 
Type Size of yield ultimate elongation in 
tests point, psi strength, psi Sin., percent 
7 15,800 77,600 41.5 
$8,100) 66,100 2 
} 45,700 74,200 246.0 
10 45,400 77,700 41 
11 7 44,800 76,000 
I il 44,500 75,700 i” 
J 2 42,000 74.500 ino 
K 7 6 41,500 69,500 25.5 
14 45,800 77,000 22.7 
M 5 18 47,600 79,000 1.4 
N 6 17 47,500 81,500 
7 20 $2,450 73,500 2A. 
P 10 41,400 65,200 
Q 12 43,250 71,000 Hy 
) 2 19,900 81.650 12.0 
s 7 12,100 75,500 25.2 
15,500 76,000 22.4 
it 54,840 82,100 Is 


*All reinforcement was intermediate grade deformed bars. 
tT wo mixed lots. 
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—Head of Testing Machine 


‘Roller 2"0 


a Loading Beam 


3” ¢ Ball 2" 
Load Beams 


Bal 2" Bearing Blocks Rollers Blocks 81743" at 2" 


8" 8" Test Beam 15'- 4" long 


BB Roller 2" Roller 2" 0 


Oral 
‘pedestal | dcator 


Bed of Testing Machine 


Fig. 3—Testing arrangement 


In all tests the beams were loaded in increments of about 10,000 lb until failure. After each 
Inerement the machine was operated intermittently to maintain the load constant while 
cracking and creep of the specimen proceeded. After the load was stabilized, strains on the 
reinforcement, strains on the compression surface of the beam, and deflections were measured 
and crack patterns were noted. All tests were carried to failure. The time required for one 
test varied from to 4 hn 

Deflections were measured at midspan and at the load points with the aid of 0.001-in. dial 
indicators mounted either on a frame attached to the beams over the supports (Fig. 4) or on 
deflectometers bearing against the bed of the testing machine (Fig. 3). Differences in the 
measurements by the two different procedures were insignificant. 


Fig. 4—Testing arrangement 
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Strains were measured with SR-4 electric resistance strain gages connected to a Baldwin 
SR-4 strain indicator through a switch box. Tyne A-I1 l-in. gages were mounted on the 
tension steel near midspan and over the supports after the concrete had hardened; for this 
purpose core holes were provided in the concrete during casting. Type A-9 6-in. gages were 
mounted on the top surface of the beam near midspan a few days before testing. 


TEST RESULTS 


Results of the tests are summarized in Table 4, which includes average 
concrete strengths f,’, loads at the formation of the initial diagonal tension 
crack P., loads at the formation of the second diagonal tension crack P.’, 
failure loads P?,,, and critical steel stresses at failure f,. In addition, the table 
includes the nominal shearing stress », and ratios of the nominal shearing 
stresses vp,, v,’, and v, to the concrete strength f,’ 


The concrete strengths given in Table 4 are the average values determined 
from the tests of all control cylinders made with any particular beam. Initial 
cracking loads were determined from the load-deflection curves which ex- 
hibited a break at 7?., whereas the second cracking loads were obtained by 
visual observations. The failure loads were measured by the testing machine 
Critical steel stresses were obtained from steel strains measured at midspan 
and over the supports.* They represent average quantities which, if multi 
plied by the total area of the tension reinforcement, give the tension forces 
in the steel at the sections at which failure occurred. Since determination 
of f, involved strains measured at different sections than the critical, f, is 
an approximate value which can be used only as a guide. Nominal shearing 
stresses v,, v,’, and v, were computed from the equation SV in 
which V is the maximum shear corresponding to the appropriate value of 
load P (V is equal to ?, in Fig. 1), and b and d are the width and the effective 
depth of the beam. 


The shear spans of a few representative beams after failure and a few load- 


deflection curves are shown in Fig. 5 through 10. 


Behavior prior to formation of diagonal cracks 

The behavior of restrained beams prior to the formation of initial diagonal 
tension cracks was similar to that of simple beams.' It was essentially elastic 
until tension cracks formed, and typical of cracked beams afterward. The 
tension cracks began to form on the bottom beam surface in the region of 
positive moments and on the top surface in the region of negative moments 
With further increases of load the cracks in the positive moment regions ex- 
tended vertically upward, some of them turning slowly toward the nearest 
load point at higher loads. In the negative moment regions the tension cracks 
extended vertically downward, some of them turning toward the nearest 
support. 

*The critical stresses were determined in the same way as described in Part 1! except that the computations were 


based on strains measured either at midspan or over one of the supports, depending on whether failure oecurred 
in the span or next to one support 
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Fig. 5—Beams of Series | after failure 


Initial diagonal tension cracking 

A diagonal tension crack is defined as a major inclined crack; this erack 
causes a significant redistribution of internal stresses.* The diagonal erack 
which forms first is called the initial diagonal tension crack, and the cor- 
responding load is called the initial diagonal tension cracking load. Diagonal 
tension cracks observed in these tests of restrained beams had several common 
characteristics by which they could be distinguished from ordinary tension 
cracks. These characteristics were the same as for simple beams and were 
described in Part 1.! 

The initial diagonal tension cracks formed always in the shear span. Three 
types of initial cracks were observed: (1) cracks starting at the level of the 
top tension reinforcement and pointing toward the support, (2) cracks starting 
at the level of the bottom tension reinforcement and pointing toward the 
load, and (3) cracks starting near the midpoint of the shear span and the 
mid-depth of the beam, and pointing toward both the support and the load 
In Series I and V, diagonal tension cracks of type 1 began to form in the 
quarter of the shear span adjacent to the support. In the majority of Series 
I] beams similar behavior was observed, but in the very lightly reinforced 


*The phenomenon of redistnbution of internal stresses is discussed in the latter part of this paper 


Fig. 6—Beams of Series I! after failure 
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IV-g IV-k 
Fig. 7—Beams of Series IV after failure 


beams Il-a, Il-b, and Il-c the diagonal tension cracks were of type 2. In 
the beams of Series IV diagonal tension cracks of types | and 2 were initiated 
simultaneously in the quarters of the shear span adjacent to the support 
and the central load, respectively. In Series VI, in which the magnitude 
of the negative moments was twice that of the positive moments, diagonal 
tension cracks of type | were initiated approximately midway between the 
support and load. 

The initial diagonal tension cracking loads (hereafter called cracking loads) 
are listed in Table 4. It can be seen that the eracking load increases with 
increasing depth of the cross section and with increasing concrete strength. 
No consistent variations were found with any other variable. The effects 
of beam depth and of concrete strength may be partly eliminated if the ratios 
of nominal shearing stress to concrete strength v, f,’ are compared instead 
of the loads. The ratio »,/f.’ also listed in Table 4 shows a small decrease 
with increasing concrete strength and a small increase with increasing ratio of 
the maximum moment to the maximum shear Vo multiplied by the effective 
beam depth d (ratio Vd). 


Behavior after formation of initial diagonal cracks 

In Table 4 the ratio of the ultimate load to the eracking load is shown in 
column 7? 2?.. It can be seen that, except for Series V, all beams were able 
to sustain loads substantially in excess of those causing the initial diagonal 
tension cracking. 

The formation of the initial diagonal tension crack was followed by for- 
mation of a similar crack on the opposite half of the beam. With further 
increases of load, these diagonal cracks extended along the tension rein- 
forcement and reached the surface of the beam near the support or load 
bearing block, depending on whether they were initiated at the level of the 
hottom or the top reinforcement. At their opposite ends the cracks pene- 
trated closer toward the compression surface of the beam. 

In most beams a second major diagonal crack, parallel to the original 
crack, formed before or at failure. If the initial crack extended from the 
top beam surface toward the support, the second major crack extended from 
the bottom beam surface toward the load, and vice versa. In some beams 


several secondary cracks were observed between the two major cracks so 


SHEAR STRENGTH OF BEAMS 


Fig. 8—Beams of Series V after failure 


that a diagonal band of cracked conerete extended from the support to the 
nearest loading block. 

The loads P.’ at which the second diagonal crack formed are listed in Table 4 
It can be seen that the second crack formed usually at a load substantially 
higher than the initial cracking load. In some beams the second crack did 
not form, in others it formed at the failure load (7, P,,), and in still other 
beams it formed at loads lower than those causing failure. In Series T, TT, 
IV, and VI both one-crack and two-crack failures were observed (Fig. 5, 6, 7, 
and 9), in Series V only one-erack failures occurred (Fig. 8 

None of the diagonal cracks penetrated the full depth of the beam before 
failure. Between the end of the erack and the compression beam surface 
there remained a zone of intact concrete capable of transmitting compressive 
stresses. The maximum load was reached, and failure occurred, when this 
compression zone of conerete was destroyed. In beams of Series [, 11, and 
IV the destruction of the compression zone occurred at the edge of either 
the support or the load bearing block, whereas in beams of Series VI it always 
occurred at the edge of the support bearing block. Since this was the only 


series In which the negative moment was different from and larger than the 


positive moment, it appears that the destruction of the compression zone 


oceurs at that end of the shear span at which the moment ts larger. 


Vi-g 
Fig. 9—Beams of Series VI after failure 
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Strains measured at the tension reinforcement near midspan and over 
the supports exceeded the yield point only in two beams, and even in these 
beams the extent of yielding was small. The compressive strains measured 
on the top surface at midspan were considerably smaller than those usually 
associated with failure by crushing of the concrete. Thus it is coneluded 
that all beams failed before their flexural capacities were reached. 


In Series V the longitudinal reinforcement was cut off in accordance with 
the provisions of ACI 318-51, Section 902.2 All three beams of this series 
failed suddenly; the brittle nature of these failures is illustrated in Fig. 8. 
One diagonal crack formed and by-passed the reinforcement at the ends of 
the bars, so that after failure there was no ¢onnection between the parts of 
the beams located on the two sides of the crack. In beam V-b collapse occurred 
simultaneously with formation of the diagonal tension crack. Similar behavior 
was Observed for beam V-d except that in this case the initial crack formed 
at the one end at a load of 70 kips, whereas collapse occurred simultaneously 
with formation of the first crack at the opposite end at a load of 76.5 kips. 
In beam V-f the diagonal tension crack formed at a load of 60 kips, and com- 


plete collapse occurred at 74.5 kips. The increase in load beyond the first 


cracking observed in this beam appeared to be due to the bond resistance 
of the embedded lengths of bars. The load-deflection curves in Fig. 10. also 
demonstrate the brittle nature of the failure of Series V beams. 


/60 


Applied Load in Kips 


0.10 020 
Midspan Deflection in Inches 


Fig. 10—Load-deflection curves for beams of Series | and V 
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Redistribution of internal stresses 

Until diagonal tension cracks form, the normal stresses are distributed 
along the length of a restrained beam in the same way as the external moments, 
so that the normal stresses at any section are approximately proportional 
to the moment at the same section. Formation of diagonal tension cracks 
changes these relationships; such changes are called the redistribution of 
internal stresses. 


It has been observed in the tests that a restrained beam may fail in shear 
after formation of one or two major diagonal tension cracks. A> restrained 
beam with one fully developed diagonal crack is shown schematically in 
Fig. lla. The portion located to the left of the crack is shown separately 
in Fig. lle as free body A. As for simple beams,' it is assumed that all vertical 
shear is transmitted through the compression zone of concrete. Since no 
stress can exist across the crack, the free body is subject to the action of the 
load P;, the reaction /??,2, the tension in the top reinforcement 7), the com- 
pression in the concrete CC)’, the compression in the bottom reinforcement 
(,\”, and the shear V. If the distance from the top steel to the resultant of 


(a) One Diagonal Crack Diagonal Cracks 


(c) Free Bodies 
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Fig. 11—Redistribution of internal stresses 
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the compressive forces Cy’ and ©)" is denoted jd, then the forces acting on 
the free body A are in equilibrium when 

7, jd M, 
where VM, is the moment of the external forces ?; and P/2 at section a-a. 
That is, after the formation of one diagonal crack the steel stress near section 


b-b depends on the moment at section a-a. This condition is radically different 


from that existing before the formation of the diagonal crack. Similarly as 
in simple beams,! the change in steel stress near section b-b leads to a localized 
increase of concrete stress at section a-a. 

A restrained beam with two diagonal tension cracks is shown in Fig. LLb. 
The portions to the left of the upper diagonal erack, between the cracks, 
and to the right of the lower erack are shown in Fig. lle as free bodies A, 
Bo and (. Free body A is the same as for the beam with one erack, and the 
corresponding equation of equilibrium is also the same. The forces acting 
on free body B are the external forces ?’. and JM, the tension in the bottom 
reinforcement 7',, the compression in the conerete Cs’, the force in the top 


reinforcement (.’, and the shear V. If the distance from the bottom steel 


to the resultant of forces Co’ and ©.” is denoted jd’, then the equilibrium is 
reached when 

T 23d’ M, 
where M, is the moment of external forces P?. and M at section b-b. It can 
be seen that after the formation of two major diagonal eracks the stress in 
the top steel 7, depends on the moment at section a—a, and the stress in the 
bottom steel 7, depends on the moment at section bb. 

The portion between the two diagonal cracks is shown in Fig. Lle as free 
body (. The top longitudinal reinforcement passing through this free body 
is subject to tension 7; on one end and to force C,” at the other end. Since 
the surrounding conerete is stressed in compression, force (y should be a 
compression, Accordingly, the force in the top reinforcement has to change 
from tension 7’) to compression Cy as it passes through the free body (. 
This change can be accomplished only if the steel is bonded to the surrounding 
conerete. If, however, the two diagonal cracks are spaced close together, 
the bond stresses caused by the change of force in the steel may exceed the 
hond strength, and the bond between the steel and the concrete is broken 
throughout the free body C. Then the top steel is stressed in uniform tension 
and 

A similar reasoning applies to the bottom reinforcement for which 

When bond failure occurs in the free body C, the sum of the horizontal tensile 
forces between two adjacent free bodies is substantially increased. To satisfy 
the conditions of equilibrium, the sudden increase in tensile forces must be 
accompanied by increased compression in the compression zones adjacent 
to the support and load bearing blocks. When this condition is reached, 
the full redistribution of internal stresses is completed. 
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The presence of bond failure through free body C was indicated in numerous 
tests by formation of short diagonal cracks at the level of the steel. A more 
positive demonstration of the full redistribution was gained, however, through 
the test of beam I-2c. In this specimen strains were measured in the longi- 
tudinal reinforcement along the full length of the shear span as indicated in 
Fig. 12 together with the test results. 

The first diagonal crack formed at a load of about 50 kips. At lower loads 
the strains measured in the top and bottom reinforcement demonstrated 
that the points of contraflexure were located as in a homogeneous beam 
However, as loading proceeded beyond the diagonal cracking load, the points 
of zero steel strain in the top longitudinal reinforcement shifted toward the 
load point and the points of zero steel strain in the bottom reinforcement 
shifted toward the supports as illustrated by the strain distribution curves 
in Fig. 12. When the second crack formed at the load of 80 kips, both the 
top and bottom longitudinal reinforcement was strained in tension practically 
through the full length of the shear span. Failure occurred at a load of 04 
kips; at this load the tension in the reinforcement extended beyond the load 
and support bearing blocks. Thus, the observed behavior of this beam sub- 
stantiates the concepts of redistribution of internal stresses 
Failure of restrained beams 

It has been observed that failure of a restrained beam under the action of 
shearing and flexural stresses results from destruction of the compression 
zone after the formation of one or two major diagonal tension 
Accordingly the failure may oecur as follows: 


eracks 


1. Maximum load is reached when the first major diagonal tension 
crack is formed. This behavior was not observed in any beams tested 
except those of Series Vo However, in beams of Series IV the difference 
between the initial eracking load and the ultimate load was consistently 
smaller than in Series I, If, and VI, thus indicating that in beams 
with large ratios of the shear span to the effective depth formation 
of the initial diagonal tension crack and failure may be simultaneous 

2. Maximum load is reached at a load greater than that at which 
diagonal tension cracking is initiated, but prior to the formation of 
the second major diagonal crack. Several beams of Series [, Il, TV, 
and VI failed in this manner. [t appears that this mode of failure is 
associated with low percentages of reinforcement and relatively high 
concrete strengths. The magnitude of the ratio of shear span to effective 
depth of the beam may also be significant.* 

3. Maximum load is reached simultaneously with formation of the 
second major diagonal tension crack. Several beams of Series 1, IL, LV, 
and VI failed in this manner. It appears that this mode of failure is 
associated particularly with high percentages of reinforcement and 
with medium shear span to depth ratios 


*The maximum ratio of the shear span to the effective b 
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1. Maximum load is greater than that at which the second diagonal 
tension crack is formed. This mode of failure was observed in 11 
beams of Series I and six beams of Series Il. It appears to be asso- 
ciated with higher percentages of reinforcement in beams with small 
to medium shear span to depth ratios. 

An additional mode of shear failure of restrained beams observed in beams 
of Series V may be called failure by separation. In the beams of this series 
the reinforcement was arranged so that the redistribution of internal stresses 
could not take place; the reinforcement was pulled out of the surrounding 
concrete at or slightly above the eracking load. Beams I-h, I-4a, and I-6b 
were in all respects similar to beams V-b, V-d, and V-f, respectively, except 
for the continuity of longitudinal reinforcement. Cracking loads for the 
comparable beams were about the same but the ultimate loads were 40 and 
more percent higher for the beams with continuous reinforcement. 

The maximum loads P,, for all beams tested are listed in Table 4. It ean 
be seen that load P, increases with increasing percentage of reinforcement 
and with increasing strength of concrete. It decreases with increasing ratio 
M/Vd. The effeet of Vd/ M on the ratio v,/f.’ (also listed in Table 4) seems 
to be approximately linear. For beams II-20b, I-6b, and IV-l, having ap- 
proximately the same concrete strength and percentage “of reinforcement, 
the ratios », f.’ are 0.221, 0.156, and 0.082; the corresponding ratios Vd) M 
are approximately 1.7, 1.0, and 0.6. The linear relationship may be written 


as 


Vid 
A 
where A is a constant of proportionality. Since », SVL 7bd, this equation 


may be written as 

M, = 
where B is a numerical constant. The last equation suggests that the failure 
moment may be independent of the magnitude of M/ Vd. 


CONCLUDING REMARKS 


Sixty-one restrained beams without web reinforcement were tested with 
one concentrated load at each overhang and one or two concentrated loads 
in the span; all beams failed in shear after one or more diagonal tension 
cracks formed in the regions of maximum shear. Up to the formation of 
diagonal tension cracks, the behavior of all beams was the same as that of 
beams failing in flexure. Formation of diagonal tension cracks led to a new 
distribution of internal stresses which prevailed until failure 

Magnitude of the load causing the formation of the initial diagonal tension 
cracks depended primarily on the dimensions of the cross section and on the 
strength of the concrete. In beams with longitudinal reinforcement cut. off 
in accordance with ACT 318-51 the failure was sudden and occurred at this 
cracking or a slightly higher load. All other beams were able to sustain 
higher loads 
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Increases of load beyond the cracking load were made possible by redistri- 


bution of internal stresses. In all beams, in which the arrangement of rein- 
forcement permitted redistribution of internal stresses, the failure occurred 
adjacent to the loading or support bearing blocks in the region of maximum 
shear; when the moment at the support was higher than the moment at 
the interior load, the failure occurred at the support bearing block. At 
failure, the compression zone of concrete was destroyed at this eritieal section. 
Magnitude of the ultimate loads depended primarily on the dimensions of 
the cross section, on the amount of longitudinal reinforcement, on the concrete 
strength, and on the ratio MW Vd. 

The ratio of the ultimate load to the cracking load decreased with increasing 
ratio of shear span to effective depth. Test results indicated that the strength 
of beams having large a-d ratios may be governed by the load causing 
first cracking, whereas the strength of shorter beams is governed by the 
load causing the destruction of the compression zone of concrete. 

The results of these tests indicated further that cracking loads may be 
predicted on the basis of the nominal shearing stress, and the ultimate loads 
may be predicted on the basis of the ultimate moment. Analytical expressions 
serving this purpose will be presented in Part 4 of this series of papers. 

Most of these conclusions are identical with conclusions drawn from the 


tests of simple beams.! 
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Simplified Method for the Determination of 
Apparent Surface Area of Concrete Products 


By L 


F. GLEYSTEENT and G. L. KALOUSEK$ 


SYNOPSIS 


The hypothesis that the cementitious solid of autoclaved concrete products is 


erystalline and that of moist-air or atmospheric-steam cured units is gel-like 
in form served as the basis for this study. Estimate of degree of crystallinity 
Was based on surlace areas computed from BET nitrogen adsorption data 
The results contradicted the hypothesis, the autoclaved products manifesting 
surface areas nearly twice as large as those of normally cured products. Water 
adsorption data obtained by a simple gravimetric adsorption method de- 


veloped in this study indicated apparent areas of about equal magnitude 
for both types of curing, but these computed areas were much larger than 
those shown by nitrogen adsorption. 


INTRODUCTION 


Adsorption of water vapor by hardened cement paste has been studied 
in considerable detail by Powers and Brownyard.! The far-reaching deductions 
made from those data attest to the great value of this approach in studying 
the nature of the cement gel. The method and data became of still further 
interest following publication of results by Blaine and Valis* who used nitrogen 
as the adsorbent, because the area computed from the nitrogen data amounted 
to only a fraction of that shown in water adsorption. Apparently the adsorbed 
water was accommodated differently than the nitrogen in the cement paste 
The possibility that some of the water so adsorbed could be related to drying 
shrinkage appeared worth studying. 

Accordingly, an investigation of adsorption of water vapor and nitrogen 
gas following the method of Brunauer, Emmett, and Teller? (BET) was 
undertaken as a part of a comprehensive study on the drying shrinkage of 
concrete block sponsored by the Housing and Home Finance Agency. ‘This 
included the development of a simple water vapor adsorption method. It 
was hoped that autoclaved block, which contains a crystalline binder com- 
pared to the more gel-like binder in low-pressure steam-cured products, 

“Received by the Institute Sept. 3, 1953. Title No. 51-22 is a part of copyrighted JoumNnaL or THe AmMenican 
Concrete Institute, V. 26, No. 5, Jan. 1955, Proceedings V. 51. Separate prints are available at 50 cents eac! 


Discussion (copies in triplicate) should reach the Institute not later than May 1, 1955. Address 18264 W. MeNichols 
Rd., Detroit 19, Mich 

The research and studies forming the basis of this report were performed pursuant to a contract, authorized by 
Title I]1 of the Housing Act of 1948 as amended, with the Division of Housing Research, Office of the Adminiw 
trator, Housing and Home Finance Agency, an executive agency of the United States government, under Research 
Project No. 1-T-122 

The Division of Housing Research was liquidated on Apr. 40, 1954, and, since it has not been possible to review 
the results of this research project, it is understood that in all respects the responsibility for all data, inter; 
tions, and conclusions presented in this report is solely that of the authors and contractor 

tResearch Foundation, University of Toledo, Toledo, Ohio (now with Atlas Powder Co 
tMember American Concrete Institute, Research Foundation, University of Toledo, Toledo, Ohio 
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would show considerably smaller surface areas than do normally cured block. 
Although this method of differentiation between the two types of curing 
did not give the desired result, the data in conjunction with other methods 
were found applicable in the development of a theory on drying shrinkage.* 
Because of this application and the fact that the present data, although 
small in number, are the first showing a comparison of adsorption of nitrogen 
and water by concrete block it seemed worthwhile to publish the method 
and results. 

The specimens were commercially produced concrete block prepared for 
another study, the results of which have been published.’ The block were 
made from six different aggregates. A portion of each raw batch of block 
was autoclaved at 120 psi for 8 hr and another portion was cured with low- 
pressure steam following the eyvele of 3 hr to 170 F, 1 hr at 170 F, followed 
by a 12-hr coasting period to 125 F, and finally cooling to room temperature 
For purpose of brevity, the low-pressure steam curing is referred to as norma! 
curing. 

The block prior to the start of the present study had been stockpiled in 


a laboratory for about 8 months. The sample for test weighed about 25 g 


and was prepared by crushing one-half of a block to a fineness passing a No. 4 


screen and then riffling this down to the indicated weight. 


DEVELOPMENT OF SIMPLE WATER VAPOR ADSORPTION METHOD 


The first apparatus developed for this project was a volumetric svstem 
modeled after the usual nitrogen adsorption equipment with the use of a 
butvl phthalate manometer to facilitate reading the low pressures of water 
vapor. It was immediately apparent that a large volume was required to 
measure the water vapor before adsorption; otherwise many increments of 
water vapor would have to be measured before the equilibrium pressure 
entered the range (0.1-0.3 relative humidity) required for estimation of the 
surface of the sample. leven with this provision, it was found that adsorption 
determinations were extremely slow because of the long time required to 
approach equilibrium. While adsorption of nitrogen on carbonaceous ad- 
sorbents, and on many other finely divided materials, occurs rapidly (allowing 
attainment of equilibrium pressure in 15 or 20 min, except at very high 
relative pressures) the sorption of water vapor on concrete block granules 
continues for hours, or even days. Hence, it was imperative to shift to a 
type of apparatus permitting the use of multiple adsorption samples simul- 
taneously. This ean be done with a gravimetric system. 

A gravimetric system using saturated solutions of inorganic salts as reservoirs 
of approximately constant relative humidity was developed. The attainment 
of equilibrium was also found to be a slow process, as is shown later in’ this 
report, but the possibility of allowing several samples to come to equilibrium 
with the same water vapor atmosphere allows the determination of the 
approximate area of several samples in a total elapsed time for completion 
of test of 2 to 4 days 
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Fig. 1—Water vapor adsorption apparatus 
r The gravimetric apparatus (Fig. 1) consists of a manifold, which serves 
as the connecting path between the sample receptacles and a Vacuum pump 
during the outgassing of the samples, or a reservoir of a salt solution during 
exposure to the water vapor. Adsorption cells were made from 15-mm 
Pyrex tubing with a stopeock and a ground glass, standard taper joint at one 
end. The sample was introduced through the open end of the Pyrex tube, 
which was then sealed off. The glass fusing operation presented no difficulty 
However, adsorption cells using standard taper ground glass joints may be 
used to eliminate the glass fusing operation. These joints would be sealed 
effectively with a film of glycol phthalate resin, deKhotinsky cement, or the 
like. 

The samples were outgassed at room temperature to approximately constant 
weight, which required about 3 days for concrete block but less time for some 
other substances. Higher temperatures (200-400 C) are often used for out- 
gassing adsorbent specimens. Materials, such as the products under con- 
sideration, containing water of constitution may be irreversibly altered by 
heating; hence room temperature was used. It is probable that higher 
areas would have been found if higher outgassing temperatures had been 
used. The choice of an outgassing temperature usually represents a com- 
promise between efficient outgassing on the one hand and stability of the 
product on the other. 
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Before weighing after the outgassing operation, the sample tubes were 
dismounted from the manifold and the grease was wiped from the ground 
glass joints. After a reasonably constant weight (as will be apparent in 
results to be given) was attained for the outgassed samples, water vapor was 


admitted to the sample tubes. The source of the water vapor was an ap- 


propriate saturated salt solution.* These solutions have the advantage that 
small fluctuations in temperature do not appreciably alter the relative humidity 
of the immediate atmosphere. Since the adsorbent samples and the solution 
are subject to the same changes in temperature and since the quantity of 
water adsorbed at « given relative humidity is not strongly sensitive to minor 
changes in temperature, measurements may be made to the degree of ap- 
proximation desired in this method without elaborate control of temperature 
(provided that variation of room temperature is limited to not more than 
a few degrees). 

The sample tubes were removed for weighing at 1, 2, 3 days, and longer 
periods to determine the quantity of water adsorbed. In a few tests, the 
samples after attaining a constant weight were outgassed and then re-exposed 
to the atmosphere of water vapor of a given relative humidity. More than 
a day was usually required for attaining a nearly constant weight, but for 
similar samples comparative data may be obtained after an arbitrarily selected 
time of about one day. 


RESULTS USING GRAVIMETRIC TECHNIQUE 
Attai t of constant weight of sample 


Adsorption of water vapor is a slow process compared to adsorption of 
nitrogen. ‘Tests were carried out on samples of five different concrete block 
for sample exposures up to 18 days following periods of outgassing of 3 and 
& days. Results of the samples outgassed for 1, 2, 3, and 4 days are given 
in Table 1. A constant, or nearly constant, weight was obtained in about 
3 days. These samples were re-evacuated after 96 hr exposure to water vapor, 
then exposed again for 24 hr, and finally re-evacuated and re-exposed once 
more. These results show that the reproducibility of the data is adequate 


*Saturated solutions of the salts used have relative humidities as follows LiCl, 15 percent; MgCl, 33 percent 
Ca( 51 percent; NaCl, 75 percent; and NH 9S percent 


TABLE 1—APPARENT SURFACE AREAS OF CONCRETE BLOCK AFTER DIFFERENT 
EXPOSURES TO WATER VAPOR AT 0.15 R.H. 


Specimen Apparent area, sq m per g 


lime of exposure to vapor after 
Ayyregate u - _ 
birst de-gassing 2nd de-gassing de-vassing 


18 72 be 


Sand and Gravel 
Cinder 

Cinder 
expanded slag 
slag 


*HP means high-pressure (120 psi) steam curing 
NC means normal curing with steam at atmospheric pressure with a high temperature in the eyecle of 170 1 


for L hr. 


24 he bir hr 24 he 
He ou 74 8.2 | 60 7.3 
17.6 17.4 148 14.0 
Né 14.1 14 14.4 144 14.5 12.9 
14.0 147 15.4 15.4 14.5 13.2 
NC 16.2 16.4 17.3 17.2 15.4 14.8 
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for the proposed purpose. In comparing the ratio of the 24-hr to the 96-hr 
results, It is seen that a ratio of about 0.85 to 0.94 is obtained for these block 
Hence, for comparative purposes the 24-hr result could be used. 

The effect of evacuation time on the apparent surface areas, except to 
ascertain approach to a constant weight of the sample, was not studied 
initially. Such tests were conducted nearly a year later on the samples used 
previously but stored in airtight containers. The samples after an 8-day 
period of evacuation, compared to the original 3-days’ period, manifested 
surface areas ranging from about 3 to 15 percent higher than obtained origin- 
ally. Surprisingly, however, these evacuated samples upon exposure to the 
15 percent relative humidity attained constant weight in 24 hr. 

Simplified calculation 

The simplified adsorption process described is less precise than the standard 
gas adsorption method. The shift in precision of the adsorption data from 
something of the order of + | percent to something like * 5 to 15 percent 
is permissible for the intended purpose, especially since it is accompanied by 
a decrease in the time required for the determination. Because of the lower 
precision required in the result, it is possible to simplify the calculation by 
introducing approximations that eliminate much of the computation involved 
in the standard method. 

In the BET procedure the quantity adsorbed is calculated from volumetric 
measurements and, to achieve the best precision, corrections must be applied 
to (1) the manometric measurements, to account for the differential expansion 
of manometer fluid and seale; (2) deviation of the density of gas in the cold 
adsorption cell from that given by the ideal gas laws. With the present 
gravimetric method no corrections need be applied. The weight of water 
vapor adsorbed is given by the difference in weight between the evacuated 
charged adsorption bulb and the bulb after equilibration with water vapor 
at a controlled relative humidity. The weight of water in the vapor phase 
(unadsorbed) in the adsorption bulb is negligible since the free volume amounts 
to about 10 ml and the density of water vapor at 15 percent relative humidity 
(R.H.), that is, at about 6 mm pressure at 25 C, is about 0.01 mg per ml 

The BET calculation of the specific surface of an adsorbent is basically 
a determination of the quantity of vapor required to form a monolayer on 
the surface. From this value and an estimate of the area covered per adsorbed 
molecule, the area is ealeulated. The quantity of gas required to form a 
monolayer, usually designated V,,, is obtained from the equation 


Cl 
(| r) (1 r + cr) 
where | volume of vapor adsorbed per unit weight of sample 
Ve volume of vapor required to complete one monomolecular layer of 
adsorbate on unit weight of adsorbent 
c a constant’ related to the heat of adsorption 
I relative pressure of the adsorbate, 7.¢., the ratio of equilibrium pressure 


to saturation pressure at the temperature of the isotherm 


ve 
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The data are usually plotted as #/V (l—x) versus x. V, is given by the 


reciprocal of the sum |intereept (on axis of ordinates) plus slope] of this 
straight line. For an approximate method a single adsorption point in the 
region 0.10-0.25 R.H.* suffices, the intercept being taken as zero. The 
error so introduced is small, at least for systems to which the BET isotherm 
is applicable. First, the intercept is small and neglecting it causes no serious 
error. Second, neglect of the intercept causes the estimated slope (one point 
to origin) to be high so the two errors are compensating. 

Now, having sorption data for a fixed relative humidity, x, calculation of 
V, becomes simple from the equation V,, = 1/slope for the line #/V (1—.2) 
versus # to the origin. The slope is equal to 1/V (1—2), V and x being known 
experimentally. Hence V,, is given (approximately) by V (1— 2). 

The error in V,, entailed in neglecting the intercept in the BET plot, 7¢., 
in using one point and zero intercept. may be estimated as follows: 


True A pproximate 


The difference appears in the denominator and amounts to 1/2 — 1, to be 
added to a quantity «. The error, percentagewise, in V,, is the percentage 
difference between ¢ and ¢ (1/2 — 1). Although this error may be some- 
what high, particularly if ¢ is small (/.e., 20), two favorable points mitigating 
this error may be noted. First, the error is reduced by using humidities at 
the higher range of applicability, e.g., 0.2 to 0.25 R.IT. Seeond, the data 
are desired for comparative rather than for absolute purposes, so the matter 
of concern is not the absolute error but the variation of the error among the 
various comparable determinations. The error introduced by this approxi- 
mation in calculation is, of course, always of the same sign. 

The approximation involved in the single calculation can be eliminated 
by obtaining adsorption points at two or more humidities in the range 0.06 
0.25 R.W. and plotting the standard BET plot. 


RESULTS OF WATER VAPOR AND NITROGEN ADSORPTION 


Results obtained by the BET nitrogen adsorption method and the present 
simplified water vapor adsorption are presented in Table 2 for block made 
from six aggregates and cured by two methods. Results of drying shrinkage 
and mix proportions are reproduced in this table from a recent report.’ 

Apparent surface areas were computed as being due only to the cementitious 
phase. Actually certain aggregates may contribute up to approximately 15 
percent of the total area and for absolute values corrections would have to be 
applied for the areas of the aggregates. In the present application, only 


*Relative humidity is necessarily expressed as a decimal fraction for purposes of computation rather than as 
a percentage value, that is, 10-25 percent relative humidity. 


Vn 
8 V, (1 r) 
Val Va 
c c 1+ 
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TABLE 2—APPARENT SURFACE AREAS OF CEMENTITIOUS PHASES OF HIGH- 
PRESSURE AND LOW-PRESSURE CURED, COMMERCIALLY PRODUCED CONCRETE 
BLOCK DETERMINED BY WA oon R.H.) AND NITROGEN GAS 


Mix Percent shrinkage Area by nitrogen Apparent area by 
cement at 25 percent R.H sq m per g water vapor, sqm perg 
Avgregate aggregate from saturation 
by weight Ratio areas Ratio areas 


HPp* NC* NC HP, N¢ HP HP) 


Sand and gravel 
Cinder 


O13 030 l 
1:§ 
Expanded shale 


O25 $2 2 
025 5 2H 
029 5 24 
034 5 $1 
) O45 7 24 


110 
05 
108 


67 


Expanded slag 
Sintered shale 


Pumice ( 


SE 


*HP means high-pressure (120 psi) steam curing 


NC means normal curing with steam at atmospheric pressure with a high temperature in the eyele of 170 1 
for 1 hr. 


comparative results between high-pressure and low-pressure cured specimens 
were desired. Errors due to the surface of the aggregate would be the same 
or nearly the same for the products cured by the two methods and for this 
reason no corrections were applied. 


The areas computed from results of nitrogen gas for the high-pressure 
and low-pressure cured block were found to be opposite in values to those 
expected. The areas of the high-pressure cured specimens (as noted by the 
ratio HP/NC in Table 2) approached values nearly twice as large as those 
of the normally cured units, with the exception of the sintered shale block 
which showed a ratio of 1.2. The cause for these unexpectedly high results 
for the autoclaved specimens is unknown. However, it is apparent that high- 
pressure steam curing increases the surface area available to nitrogen ad- 
sorption compared to that obtained in normally cured specimens. 


No definite correlation was manifested between surface areas and shrinkages 
for either type of cure. However, a trend is indicated that the lowest shrinkage 
occurred for specimens of highest surface areas. 


The apparent areas obtained from the water vapor adsorption results are 
much higher than those from nitrogen gas adsorption, a trend already indi- 
cated by previous results.'* Some comparative data on materials similar 
to the cementitious phase of concrete block and on materials highly different 
from these suggest that no simple explanation is apparent for the difference 
in results obtained by the two methods. 

Results on water vapor adsorption did not show the same trend between 
high-pressure and normally cured units. The apparent water vapor areas 
tended to be the same for both types of euring. No correlation was found 


between these results and drying shrinkage 


The water adsorption isotherms (Fig. 2) for sintered shale; expanded shale, 


both high-pressure and normally cured; and high-pressure cured pumice 
specimens form a rather regular family of curves in the 0.15-0.93 REL. range 
This may indicate that the fine seale pore structures of these products is simi- 
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Fig. 2—Water adsorption iso- 
therms (25 C) of concrete products: 


1—high-pressure cured pumice 


2 and 3—normally and high- 
pressure cured sintered shale, 
respectively 


4 and 5—high-pressure and 
normally cured expanded 
shale, respectively 


SAMPL 


45 65 
PEL. HUMIDITY 


lar. The Kelvin equation relating pore radius to the vapor pressure of liquid 


in the pore is 
27 M 
ART 


ln r 


where = + surface tension gas constant 
V molar volume ‘i absolute temperature 
d density pore radius 
If the interpretation that adsorption in the range of 0.25 to 1.0 relative pressure 
is governed primarily by eapillary condensation is correct, it follows that 
closely similar isotherms, as in the present case, vield similar pore distributions. 
If, on the other hand, there were significant differences in the isotherms, some 
flat, some steep, the calculated pore structures of the adsorbents would 
differ markedly. A radical example of such a difference is shown by Powers 
and Brownyard! (their Fig. 2-24). Adsorption of water was about equal at 
0.02 R.H. for identical cement mixes cured at 73 F and 420 F respectively, 
while at OS Ro. the quantities of water adsorbed differed by a factor of 1.65. 


Further comparisons on surface area results by the two methods are given 
in Table 3. The first two samples in the table are particularily interesting 
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These were lightweight integrated solids of about 10 lb per cu ft densities; 
the first is pure xonotlite, a product which does not undergo any measurable 
shrinkage during drying, and the second was essentially xonotlite (SO percent 
by x-ray measurement). The pure xonotlite products gave approximately 
the same surface areas by both methods of measurements. This suggests 
that for a well-erystallized solid like xonotlite, either method may be used 
for estimating surface area. 

The lower area obtained for bone char by water vapor may be attributed 
to the fact that water does not “wet” carbon (/.e., it has a fairly high contact 
angle). The rather surprising results in Table 3 are the relatively low surface 
areas by vapor adsorption compared to nitrogen adsorption results for the 
inorganic catalysts and silica gel, particularily the later which is known to 
be a hydrophilic substance. 


INTERPRETATIONS 


It is apparent that this project was only partially successful in terms of 
its ostensible purpose. The simplified vapor adsorption method with the 
required degree of precision was developed. The method in principle is appli- 
cable to liquids other than water. The adsorption of water vapor by solids 
is of vast technical importance and therefore the present simple method 
may find many uses. On the other hand, it does not serve to distinguish 
between concrete products autoclaved at 120 psi steam pressure and those 
cured under low pressure. As already mentioned, the application of the 
present data is given in a recent publication* on a theory of drying shrinkage 


of concrete 
CONCLUSIONS 


1. A simple apparatus for determination of adsorption of water vapor 
(or other suitable vapors) was developed. 

2. The reproducibility of the method was determined and the error 
involved in « simplified calculation was estimated. For purely comparative 
purposes, this error is not significant. 


3. For cement products, water adsorption was greater than nitrogen 


TABLE 3—APPARENT SURFACE AREAS OF DIFFERENT SOLIDS DETERMINED BY 
WATER VAPOR (0.15 R.H.) AND NITROGEN ADSORPTION 


Material (rea, sq m per g 


Nitrogen Water vapor 


Pure xonotlite A) 
(Approximately SO percent xonotlite 


char 100 
Houdry cracking catalyst 247 
Socony bead catalyst 362 
Filtrol clay catalyst 
Silica gel 50S 74 


Silica gel (duplicate) 
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adsorption; for catalysts of high specific area, water adsorption was much 
lower than nitrogen adsorption. 


1. For cement products, the nitrogen adsorption differentiated between 
autoclaved and low-pressure steam cured products of the same composition. 


The surface area of the autoclaved product was usually about two times as 
large as that of the normally cured product. 


5. The water adsorption of cement products was nearly equal for the two 
types of curing. 
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Title No. 51-23 


Design and Construction of a Folded Plate 
Roof Structure’ 


By MILO S. KETCHUMt 


SYNOPSIS 


The H. W. Moore Equipment Co. building, a reinforeed concrete structure 
in Denver, Colo., utilized two types of folded plate shells: a discontinuous Z- 
shaped shell arranged to provide a north light clerestory, and a continuous 
series of inverted V-shapes. The latter shell was designed to carry two 15-ton 
cranes on the roof system. The analysis of stresses made use of the latest refine- 
ments involving the effect of deflection on the transverse stresses in the slabs 

The roof plates were constructed with both conventional and movable forms, 
and some structural elements were precast on the ground and raised into place 


INTRODUCTION 


In selecting the type of structure for the H. W. Moore Equipment Co. 
building near Denver, Colo., it was feasible to consider long span reinforced 
concrete construction because of the lower insurance rates obtainable with 
fireproof construction. The site is outside the city limits which increases 
the insurance rate, and the shop building houses large pieces of expensive 
equipment containing inflammable liquids. 

The building consists of three parts: (1) an office and parts area, (2) a 
shop area for repair of construction equipment, and (3) a display and utility 
area. These three areas required different roof treatments, but esthetics 
demanded that the structures be integrated in architectural design. The 
class of occupancy of the shop area required heavy bridge cranes which would 
have a span of 8O ft unless the cranes were supported by the roof framing 
Therefore, a reinforced concrete folded plate system was selected because 
it permitted carrying concentrated loads directly on the shell. In the office 
and display area, advantage was taken of this feature of the system by suspend- 
ing a mezzanine from the roof. 

Final factors influencing the choice of a folded plate roof structure were 
the uniqueness of the construction and the desire on the part of the architect 
to provide a modern building of unusual construction which would be an 
advertisement for the equipment company. 

On the basis of these considerations, framing for the roof over the shop are: 
is a series of inverted V-shaped folded plates of 80-ft span and 36 ft wide 


*Presented at the ACT 50th annual convention, Denver, Colo., Feb. 24, 1954. Title No. 51-23 is a part of copy 
righted JoURNAL ov THE AmeRICAN Concrete INeriruTe, V. 26, No. 5, Jan. 1955, Proceedings V. 51. Separate 
prints are available at 45 cents each. Diseussion (copies in triplicate) should reach the Institute not later than 
May 1, 1955. Address 18263 W. MeNichols Rd., Detroit 19, Mich 

tMeraber American Concrete Institute, Ketchum and Konkel, Consulting Engineers, Denver, Colo 
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Fig. 1—Shop area with V-shaped plates having a span of 80 ft. Plate thickness was 6 in. The 
two high bays to the right were designed for two 15-ton cranes per bay 


from ridge to ridge. The height above the floor is 20 ft except in a high 
crane bay where it is 26 ft. The thickness of the plates is 6 in. except at the 
supports where it is increased slightly for shear. This construction is shown 
in Fig. | and a cross section through the shop area is shown in Fig. 3. Doors 
comprise a great percentage of the walls so that the work may be carried on 
outside in clear weather, which exists most of the time in Colorado. The 
office and parts area is covered by another folded plate roof of Z-shape with 
a 75-ft span and 22-ft cantilever overhangs on each end. These shells are 
arranged so that a north light clerestory is provided between the roof units. 
The construction is shown in Fig. 2 and « cross section in Fig. 4. The plates 
are din. thiek and are stiffened by concrete end walls and columns. The roof 


of the display area (Pig. 5) is similar to that of the shop area except the span 


is 40 ft. 
ANALYSIS AND DESIGN 


The term “folded plate” is used to deseribe this type of construction rather 
than “hip roof” or “prismatie shell’ which has been used in the literature. 
In the writer’s Opinion the term “hip” denotes the cone shaped construction 
usually at the end of a pitched roof. The original German word is ‘‘Faltwerke”’ 
x0 “folded plate’ is more nearly like the original designation. 

The analysis followed that of Winter and Pei* with modifications for 
deflection of plates suggested by Gaafar,t which is analogous to corrections 
George, and Pei, Minglung, “Hipped Plate Construction,” ACL Jan. 1947, Proce. V. 43, pp 


(Gaafar, Ibrahim Hipped Plate Analysis, Considering Jomt Displacements,” Transactions, ASCE, V. 119 
1054, pp. 744-784 


Fig. 2—Office and parts area with Z-shaped folded plates. Span was 75 ft with 22-ft overhangs. 
Plate thickness was 4 in. 
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Fig. 5—Display area with a 40-ff span. The area to the left carries a mezzanine floor hung 
from the folded plates 


for sidesway in rigid frames. The latter correction in the case of the shop 
area of the building affected to any extent only the transverse slab moments 
in the high crane bay portion of the roof. In the Z-shaped slab of the 
office area there was no effect since the transverse slab moments were 
statically determinate; and in parts of the shop area other than the high 
bays the defleetion of the plates was balanced in such a way that no differential 
movement of the ends of the slab occurred. 


At the junction of the high and low areas the correction was extreme, some 
bending moments being completely reversed. However, when the areas of 


steel were checked it was necessary to change very few sizes or spacings 


because both top and bottom of the slab had already been reinforced with a 
minimum percentage of steel, 


The inclined stiffeners at the supports of the V-shaped shells act as thrust 
members to carry load to the ties, which are close to the low point of the 
shell. The wide columns used in the shop area were not dictated by the 
structural design but by the requirement for housing the sliding doors. Never- 
theless, these wide columns assisted in reducing the size of the stiffeners by 
taking the eccentric thrusts off the shells. The largest ties were required 
at the ends of the shop area because thrusts were balanced on interior spans 
for dead loads. Loads from the cranes were hung at points near to the trans- 
verse joints so that bending in the slabs was little affected. The crane loads 
(two 15-ton cranes in each bay) appear to be high, but considering the total 
weight of the roof they are only a small part of the total load. 


Buckling in this type of structure is generally not of consequence because 
of the stiffness of the structural elements. However, in the case of the flanges 
of the Z-shaped slab, buckling was investigated by considering the eccentricity 
caused by transverse slab deflections. These studies were made by a series 
of approximations, using numerical methods. 

Typical reinforcing for folded plates in the shop area is shown in Fig. 6, 
7, and 8 The transverse reinforcing at the junction of the high and low 
bays shown in Fig. 6 was arranged so that concrete was placed first. on the 
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FOLDED PLATE ROOF STRUCTURE 


Fig. 6—Typical section for transverse steel 


right and then on the left with keys at the construction joints. At every 
point there are two planes of bars so the slab is always reinforced for both 
negative and positive moment. Longitudinal reinforeing in a typical plate 
is shown in Fig. 7. Note the close spacing of the tensile reinforcement, the 
center-to-center spacing being 2 in. During construction it was necessary 
to space every fourth or fifth bar slightly greater to get the concrete vibrator 
through the plane of reinforcement. 


CONSTRUCTION PROCEDURES 


Construction of the foundations for this building was more or less routine, 
The bearing strata are about 25 ft below the floor level. Caisson piles were 
used in the office and parts area and wood piles in the shop area, Crrade 
beams were used to support outside walls. 

The problems in forming the roof with movable forms are believed to be 
of particular interest to most engineers and contractors, so this phase of con- 
struction will be given the most attention in this article. Plans for this proj- 
ect were sent out for competitive bids, and usually in such a case construction 
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Fig. 7—Plan of longitudinal steel in plate 
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Fig. 8—Reinforcing of V-shells. 
Concrete in the adjacent shell has 
already been placed 


details such as formwork are left to the contractor. However, because of 
the unusual nature of the construction, complete designs for movable forms 
were made and incorporated in the plans, to be used at the option of the 
contractor. The falsework consisted of steel trusses carrying wood joists 
and were designed to be supported at four places and jacked into place (Fig. 9). 
ftemoval and resetting of the forms was to be performed by moving the 
centering sideways rather than moving it out of the building and back again. 
Down the center of each span permanent timber falsework was provided 
which could be left in place for a full 28 days. 

Plans called for moving the forms at the end of 7 days and the number of 
forms was arranged so that jobs were provided continuously for each crew. 
A check on the strength of the conerete was made by deflection tests on small 
reinforced conerete beams in the field. 

The contractor used the forms designed by the engineer except that the 
south end of the office and parts area, and some of the V-shaped plates, were 
formed with conventional wood forms. Also, some of the trusses were re- 
designed to be of constant depth so they would have a better salvage value 
or could be used for other shell structures of different. spans. 


In the engineer's design, the columns were cast in place but most of the 


walls were arranged to be precast flat on the ground and lifted into place. 


Because of scheduling and the uncertainty of lifting methods, however, the 
contractor elected to form and east these walls in place with the exception 
of some of the tie beams; these were cast in vertical forms rather than flat. 


The design eyvlinder strength of the concrete used in the roof plates was 
$750 psi and the slump was about 2 in. maximum for the steepest part of the 
plate. Actual evlinder strengths were consistently greater than 5000 psi at 
28 days. There was no danger of getting the mix too wet because it would 
not stay on the slope unless it was at the optimum water content. 


On the Z-shells, the conereting was started from the top and continued 
downward, although it is standard practice on shell construction to start 
from the bottom and work upward. Even though the slope of the middle of 
the Z was quite steep, the close spacing of the reinforcing held the wet con- 
crete in place against sliding. The only honeycombing occurred at horizontal 
bar supports 
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FOLDED PLATE ROOF STRUCTURE 


Fig. 9—Movable steel centering was used for portions of the shop area. Fixed timber centering 
was placed at the center of the span to carry the roof while the forms were being moved 
Concrete was delivered to the forms by a crane and a hopper bueket with 
a gate. In some cases runways were provided and the conerete was lifted 
to them by the crane. 


COSTS 


When the plans were sent out for bids it Wis expected that there would 
be a large variation in the bids because of unusual construction. It was a 


surprise to both the architect and the engineer that for the four bids received, 


the highest and lowest bids were within 2.16 percent of each other and the 
three lowest bids were within 0.90 percent of each other 

Considerable modification of the plans was necessary to bring the cost 
down to the owner's requirements and the revised cost of the entire building 
was about $9 per sq ft of total roof area, plus area of the mezzanine floor 
The work ineluded considerable office finish as well as radiant heating and 
cooling placed in the floor slab. 
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Title No. 51-24 


Shells’ 


D. ATESHOGLOUt 


Ribless Cylindrical 


By MARIO G. SALVADORI+t and A 


SYNOPSIS 


('yvlindrical shell roofs are usually designed as thin flexureless membranes 
stiffened by transverse ribs or arches. In many cases, particularly when the 
spans are relatively small and the shell is shotereted rather than east in place, 
it is economical to extend the shell to the ground and eliminate the ribs. This 
paper evaluates the maximum bending moments; thrusts; and the vertical 


reactions due to dead load, live load, temperature variations, and wind in this 


type ot <tructure 


INTRODUCTION 


Cylindrical shell roofs are widely used in a variety of structures and are 


usually designed as thin flexureless membranes stiffened by transverse ribs 
or arches. Publication of the ASCE Manual of Engineering Practice No. 31! 
has greatly simplified the design of this kind of shell. 

In many practical cases, particularly when the spans to be covered are 
relatively small and the shell is shotereted rather than east, it is economical 
to extend the shell to the ground and to eliminate the ribs altogether. The 
shell acts then as an arch and is subjected to bending moments as well as to 
direct stresses, but often the increase in thickness thus required is more 
than compensated by the simplicity of construction 

The purpose of this paper is to evaluate the maximum bending moments; 
the thrusts; and the vertical reactions due to dead load, live load, temperature 
variations, and wind in this type of semicircular shell 


FIXED SHELLS 


With the svmbols of Fig. 1, representing a I-ft slice of the shell considered 
fixed at the springing, //7,, V., and M, are given by the equations?” 


eb 4 ah 
wds + H, J ds f ry ds +4 | my ds El sa, (Im) 
b b b 
f rds ryda + V, f ds mar ds (Ib) 
ad ds T a ds mt ds 0 (le) 


where E/ is the constant flexural rigidity of the shell per unit of length 
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Fig. 1 Transverse forces and moments 


(hl E Young’s modulus, shell thickness), Aa, is the hori- 
zontal displacement of a relative to 6 (and equals zero for all loading con- 
ditions except temperature differentials), and m is the moment of the applied 
load. For semicircular shells: 

sin @), r COS @, ds rdq@ 


and the integrals of Iq. (la), (Ib), and (le) take the values: 


+h sh 
| ds nr, y ds rds 
ds ds ry ds 2r 
J « 9 2 


The loading conditions considered and the corresponding simple beam 
moments, ok m, are: 
(a) Uniform live load p, Ub per sq ft) per unit of horizontal shell projection: 
cos’ (ft-lb per ft) (3 


(b) Uniform dead load py, Ub per sq ft) per unit of shell area: 


VW,’ ( i) ) ew | (ft-lb per 
y 


(©) Wind load (approximating wind pressures as determined in wind tunnel 
tests): 


2 


p po sin Ob per sq It) (5 
with a total horizontal foree p,r and producing pressure on one side of the 


shell and suetion on the opposite side: 


M -lb per ft) 


(d) Temperature variation * 7 deg F with coefficient of thermal expansion a: 


Mr’ =0 
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RIBLESS CYLINDRICAL 


TABLE 1—FIXED SHELL’ 


oO S00 107 


0 500 0 500 
all 


0 178 


*Since the moments at the springing and at the crown were obtaimed under t 


ness, while it is usual practice to increase the thickness at the springing, the 
be shghtly larger and the values of the crown moments shivhtly smaller than 


The moment diagrams due to these conditions are: 


pcos ¢ 
m 


12 (27/2 1) 


107 oo 
110 


of constant thick 
alues of the springing moments may 
those viven 


Table 1 gives the values of Mo. Mo (at crown 
these four loading conditions using the svmbols from Fig 


HINGED SHELL 


Letting JV, Oin Kg. (la), (1b), and (le) we obta 


in and V, for a shell 


hinged at the springing. The bending moments in the hinged shell are given by 


Fig. 2 Transverse moment pattern 
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Table 2 gives V,, H,, M., M,.a,, and V,,;, for the four loading conditions. 


SHELL THICKNESS AND REINFORCEMENT 


To indicate thickness and reinforcement required in cylindrical ribless 
shells, three shells of diameters 20, 30, and 40 ft were designed for the load- 
ing conditions of Table 3 under the assumption of fixity at the springing. 

‘Table 4 gives the required thickness ¢ of the shells; the increased thickness 
t, at the springing; the distance s, from the ground at which the thickness 
becomes, (; and the amount of steel mesh per sq ft of covered area. 

The results of Table 4 are based on the specifications of “Building Code 

fequirements for Reinforced Conerete (ACT 318-51).” 
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TABLE 2—HINGED SHELL 


M 


Value 
0 424 0 O75 0 075 090 
0 500 0 071 0 O71 


0 0 178 


ie 


Valkt 1 Mmart/aTE® | 
Value Location, deg 


054 ; 0 053 0.05% 


TABLE 3—LOADING CONDITIONS 
30 Ib per sq ft 15 |b per sq ft) 7 
At crown (@ 0 deg) X 
56 deg 


At springing (@ OO deg) 


TABLE 4—FIXED SHELL 
Diameter Bo. Steel, Ib per sq ft 
30 


Ww) 
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Title No. 51-25 


Comparison of Results of Three Methods for Deter- 
mining Young’s Modulus of Elasticity of Concrete’ 


By R. E. PHILLEOT 


SYNOPSIS 


The elastic response ol concrete to static, resonance, and pulse velocity 
tests is discussed. Because of the wide variations in static testing techniques 
and the heterogeneity of concrete, the results of Young’s modulus calculated 
from the three methods do not necessarily agree The pulse velocity method 
has advantages over the other two in that testing is not confined to regularly- 
shaped laborator specimens, and results are free from inelastic effects The 
method, however, has severe limitations: it is so affected by the heterogeneity 
of concrete that calculations of Young’s modulus are discouraged, and it is not 


sensitive to small changes in the paste component ol concrete 


INTRODUCTION 


There are several methods for calculating Young’s modulus of homogeneous 
elastic bodies which have been applied, rightly or wrongly, to concrete. 
(mong them are the static, flexural resonance, and pulse velocity methods 
The resonance method was first used about 15 years ago and has since been 
widely adopted. A large number of comparisons have been made between 
results of this method and the static method which preceded it by several 
generations; that work will be reviewed first. The pulse velocity method is 
a more recent development and is not yet a fully standardized method of test 
The use of pulse velocity data to calculate Young’s modulus of concrete 
has not been universally accepted for reasons to be discussed later 

In referring to the resonant frequency method, the term “resonance mod- 
ulus” will be used instead of the more common “sonic modulus” to avoid 
confusion with “Soniscope,” which is the name of one instrument used to 
determine pulse velocity. The value for Young’s modulus calculated from 
pulse velocity will be called the “pulse modulus.’ 


RESONANCE METHOD VERSUS STATIC METHOD 


Since the driving mechanism in the resonance apparatus produces almost 
infinitesimal stresses in the specimen, the computed value of Young’s modulus 
is apparently the tangent modulus at zero stress. There is, however, no 
generally accepted basis for computing the static value of Young’s modulus 
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Some laboratories find secant compressive moduli at stresses ranging from 
100 to 2000 psi, while others use compressive or flexural stresses of 15, 25, 
or 50 percent of the ultimate. Since the stress-strain curve for concrete is, 
in general, not a straight line, the resonance modulus differs from the static, 
the difference depending upon the extent to which the curve departs from a 
straight line and the particular type of static modulus selected. The validity 


of the resonance method has been established for homogeneous materials by 


results obtainable on steel which has a nearly linear stress-strain relationship 
free from plastic flow over a wide range of strain. Typical of the results 
are those reported by Witte and Price! which show the average resonance 
modulus of four mild steel bars of the same lot to be 30.165 * 10° psi com- 
pared to a static modulus of 30.100 10°, the average of three determinations 
by SR-4 strain gages made on one of the bars at different loadings. 

Young’s modulus is proportional to the square of the resonant frequency. 
The expressions of all the investigators who have derived equations relating 
these quantities may be reduced to the form 

B= 
where 
Young’s modulus 
weight of specimen 
a resonant frequency 
a factor which depends upon the shape and size of specimen, upon the 
mode of vibration, and to a small extent upon Poisson’s ratio 
Authorities differ as to the value of C. 

In 1938 T. C. Powers,* in the first published discussion of the application 
of the resonance method to concrete specimens, showed 52 comparisons 
between the static and resonance methods in reporting work of the Portland 
Cement Assn. Laboratories. His method for determining resonant frequeney 
was to listen to the musical tone given by the specimen when tapped with a 
hammer and to record the frequency of the bar in a set of calibrated orchestra 
bells with the pitch nearest to that of the specimen. In calculating Young’s 
modulus, he used Mason’s equations® for correcting for rotatory and lateral 
inertia. Most all later investigators have used Pickett’s constants.4 The 
Mason equations give results for Young’s modulus from 7 to 10 percent lower 
than the Pickett equations, depending on the size and shape of specimens. 

For 14 of the 52 comparisons, Powers plotted stress-strain curves (one 
loading) for 6 x 12-in. cylinders and on the same graphs plotted straight 
lines through the origin with slopes equal to the values of resonance modulus 
of concrete prisms made from the same batches as the cylinders. Twelve 
pairs of specimens were concretes tested at 7 and 28 days with 28-day com- 
pressive strengths ranging from 3410 to 7710 psi. Two pairs were 12-year old 
specimens. In all cases except one, the straight lines coincided with the 
stress-strain curves in the region of the origin. The curves started to diverge 
at stresses equal to about 5 percent of the ultimate stress. 

The remaining work compared the static and resonance modulus of thirty- 
eight 2 x 2.x 9!5-in. prisms. The static moduli were secant moduli at about 
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one-third the ultimate strength computed from central deflections of the 
prisms center loaded as beams on 8-in spans. There were no discrepancies 
between static and resonance modulus values which exceeded experimental 
errors. With the equipment used for the static test, however, the experi- 
mental errors were large. 

Hornibrook,® in 1939, described the use of the resonance method using 
electronic equipment at the National Bureau of Standards. The method 
immediately attracted widespread attention, and shortly thereafter refine- 
ments were made in the equipment. In all subsequent tests the specimens 
were driven electrically; and the resonant frequency, or frequeney produe- 
ing maximum amplitude of vibration as detected by a pickup circuit, could 
be read accurately from the scale of a variable frequency audio oscillator 

Obert,® in 1939, devised a means of testing prisms dynamically under 
load. For this test, he mounted the specimens as columns in a testing ma- 
chine so that the load was applied through end plates having knife edges 
bearing against the platens of the machine. Since the end plates were in- 
cluded in the vibrating system (the nodal points being the points of contact 
of the knife edges with the platens), it was necessary to correct the data to 
eliminate the effects of the end plates. Young's modulus of 3 x 3!5 x 134-in 
beams was determined in this manner for several stress conditions. Young's 
modulus for the no-load condition was determined by vibrating the speei- 
mens while freely supported in the usual manner. For a rich 1:1 mix the 
dynamic modulus at one-quarter the ultimate stress was 8.2 percent greater 
than at zero stress, while for a lean 1:9 mix the corresponding increase was 
13.0 percent. Above one-quarter ultimate there was for all mixes a small 
increase in Young’s modulus. This increase of Young’s modulus with in- 
crease In stress contradicts the concave downward stress-strain curve usually 
obtained in statie tests. Obert, in his tests, however, was able to confine 
his measurements to elastic strains only, a refinement which is not possible 
in static tests. It might be pointed out that the method by which the fre 
quencies of stressed specimens were corrected has not been verified by other 
investigators. Glanville,’ in a series of tests in which he attempted to elimi- 
nate the effect of plastic deformations by making stress-strain measurements 
for different rates of loadings and extrapolating the results to an instan- 
taneous rate, found an essentially constant Young’s modulus for all stresses 
from 0 to 2000 psi, the limits of his experiments. 

In 1944, Stanton® reported the results of tests on 36 field specimens at 
ages from 4 days to | year. The specimens were eighteen 6 x 12-in. eylinders 
and eighteen 6x 6x 34-in. beams from a California paving project. The 
resonance modulus of all specimens was computed by formulas given by 
Obert and Duvall. These formulas are essentially the same as Pickett’s. 
The secant modulus at 1000 psi (first loading) of each cylinder was deter- 
mined; the beams were not tested statically. The resonance moduli of the 
two types of specimens were in close agreement, but the cylinder secant 
modulus was somewhat lower. As can be seen in Fig. 1, the ratio of secant 
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Fig. 1—Relationship between se- 

cant modulus at 1000 psi and 

dynamic modulus at various ages 
up to 1 year 


Modulus 


Dynamic 


6x 12-in. cylinders. Cement content, 5 

sacks percu yd. Field specimens from ex- 

perimental paving moledt, Venura County, 
a 


> 


6 mo 
Age at Test 


Ratio of Secant Modulus at ODpsi to 


modulus to resonance modulus increased from 0.34 at 4 days to 0.76 at 6 
months with little change thereafter. Auxiliary tests on repeated loadings 
showed a decrease in both resonance and static moduli but little change in 
the ratio between the two. A few tests were run on slag conerete. The re- 
sults were similar to those obtained with the denser aggregates except that 
with slag the static modulus approached the dynamie modulus a little more 
closely. 

ixtensive data were compiled in 1947 by Paul Klieger of the Portland 
Cement Assn. Laboratories in connection with a test series which included 
about one thousand 6 x 6 x 30-in. prisms with cement contents ranging from 
2!'4 to 634 sacks per cu vd and five water-cement ratios ranging from 4!5 to 
12 gal. per sack. Specimens were tested at five ages ranging from 3 days 
to | year. Altogether there were 320 pairs of comparative values for Young's 
modulus, each value being the result of two or three tests for static modulus 
and three to 15 tests for dvnamie modulus, Static modulus values were com- 
puted from deflection measurements of the prisms center loaded as beams on 
I8-in. spans. Seeant moduli at both 25 and 50 percent of the ultimate flexural 
strength were calculated by the Seewald formula'® which takes into account 
the effeet of shear on beam deflection. For the size specimen used, this for- 
mula vielded results for Young’s modulus 27 percent higher than the simple 
beam formula, which neglects shear. 

Values of Young’s modulus varied from 2 * 10° to 8 & 10° psi. Seeant 
modulus at both 25 and 50 percent ultimate is plotted against resonance 
modulus in Fig. 2.) On the average, both values of secant modulus agreed 
closely with the dynamic. The secant modulus results at 50 percent ultimate 
were a little more consistent and averaged just slightly lower than those at 
25 percent ultimate. Approximately half of the secant moduli at 25 percent 
ultimate were within 5 percent of the dynamic values, while about two-thirds 


of the values at 50 percent ultimate fell within the same range 
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Fig. 2—Relationships between dynamic modulus of elasticity by flexural resonance method and 
secant modulus in flexure at 25 percent and 50 percent ultimate load 
6x 6x 30-in. beams. Cement contents, approximately to 6% sacks per cu yd 


PULSE METHOD VERSUS STATIC AND RESONANCE METHODS 


The Soniscope and its application both to laboratory specimens and to 
structures have been described previously.!!'* This method of test has a 
distinct advantage over the resonance method in that its field is not confined 
to specimens of regular shape. Some pulse velocity data have been con- 
verted to Young’s modulus by the formula given below 

The classical formula in the theory of sound relating the velocity of com- 
pressional waves in an infinitely large homogeneous body to Young’s modulus 
of elasticity Is 


(1+A)(1 


2h) 


dV? 


where 


Young's modulus 

d density 

| compressional wave velocity 
A Poisson's ratio 


The wave velocity Vo is not necessarily equal to the velocity of the train 


of waves passing through the body. It is this latter velocity, or group ve- 


locity, which is measured by the Soniscope. It has been shown, however, 
by MeMillen'* that the leading edge of a disturbance in a solid body regard- 
less of size or shape, except for extremely thin pieces with virtually no lateral 
stiffness, travels with the same velocity as a wave in an infinitely large section 
of the same material. It is believed, then, that for homogeneous materials 
the above formula is applicable to velocities obtained with the Soniscope. 

A major difficulty in the application of the formula is the necessity for 
knowing Poisson’s ratio. The resonance method is only slightly affected by 
Poisson’s ratio. A change in the ratio from 1/6 to 1/4 increases the com- 
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puted value of F less than 2 percent; but in the velocity method the same 
change in Poisson's ratio reduces the computed by 10 percent. Poisson's 
ratio of small regularly shaped specimens can be found by the resonance 
method from the formula 


where G shear modulus, which can be caleulated from a resonant frequency 
in torsional vibration by a formula similar to that used for Young’s 
modulus 

Poisson’s ratio can be determined by the Soniscope only if the velocity of 
the shear wave or of the Rayleigh wave can be measured in addition to the 
velocity of the compressional wave. In general, however, only the com- 
pressional wave can be identified with sufficient accuracy to obtain a reading. 
Since concrete is made up of components of different elastic properties, 


its elastic modulus is some sort of average of the moduli of its components. 


The particular average obtained depends on the method of test, and it is here 
that the lack of homogeneity of concrete clouds the picture. Experimental 
evidence'®.'® indicates that the value of Young’s modulus determined stati- 
cally is more dependent on the elastic properties of the paste than on those of 
the aggregate. In combining a mortar of known elastic modulus with coarse 
aggregates of several different elastic moduli, LaRue’ found that, in all 
cases, the value for the modulus of the concrete was between the modulus 
of the paste and the weighted average of the moduli of the constituents. 
That is, for concretes containing a coarse aggregate having a modulus less 
than that of the paste, the concrete modulus was greater than the weighted 
average; and for concretes with coarse aggregates of high elastic modulus, 
the concrete modulus was less than the weighted average. Dependence of the 
concrete modulus on paste properties may be the result of the use of exter- 
nal strain indicators, which are embedded in paste. 

In making a velocity measurement, however, since concrete contains 
about 75 percent aggregate by volume, the velocity is measured along a path 
three-quarters of which lies in aggregate and only one-quarter in cement paste. 
Thus it might be expected that pulse modulus results are sensitive to the 
properties of the aggregate, but that for a given aggregate, changes in the 
paste quality should have a less profound effect on the pulse modulus than 
on the statie modulus. Also, if the aggregate has a higher modulus of elas- 
ticity than the paste, as is usually the case, it seems reasonable that the 
pulse modulus should be higher than the static modulus. In the work de- 
seribed below the pulse modulus was computed using the value of Poisson's 
ratio determined by the resonance method. 

In their pioneer work on the Soniscope, Leslie and Cheesman,!! of the 
Hydro-Eleetric Power Commission of Ontario, compared the values of Young’s 
modulus of three hundred 3!.5 x 4 x 16-in. prisms as measured by the resonance 
and velocity methods. The modulus ranged from 500,000 to 6,500,000. psi. 
The pulse modulus averaged 8 percent higher than the resonance modulus. 
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TABLE 1—YOUNG'S MODULUS E OF 
6 x 6 x 30-IN. CONCRETE BEAMS* 


modulus at 15 percent ultimate 


YOUNG'S MODULUS OF 


ELASTICITY OF CONCRETE 


Average Ratio of Ratio of Average Ratio of Ratio of 

Number of static resonance pulse Number of static / resonance pulse 
specimens psi * 10+ to static to static specimens pai 10 to static / to static 

14 $.52 1.00 1.17 ” $.02 1.21 1.54 

14 1.84 1.05 1.16 " 4.45 1.11 1.42 

13 5.21 1.01 1.14 4.78 1.01 1.41 

14 5.0 0.96 1.04 1.02 1.27 

13 0.94 1.01 8 1.10 
*Specimens tested at 28 days. EO Secant *Specimens tested at 28 days Static Kk - Initial 


tangent modulus 


TABLE 2—YOUNG'S MODULUS E OF 
6 x 12-IN. CONCRETE CYLINDERS* 
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Shortly thereafter, 


at the Portland Cement Assn. Laboratories involving one hundred and seventy 


A. Whitehurst conducted a similar series of 


tests 


6 x 6 x 30-in. concrete prisms with a caleulated value of Poisson's ratio much 
lower than those tested by Leslie and Cheesman. With the exception of four 
specimens which had pulse moduli slightly lower than their resonance moduli, 
the moduli by the velocity method were from 1 to 47 percent higher than the 
resonance moduli average of 15.4 percent higher. The 
1.75 * 10° to & & 10° psi (resonance 
Whitehurst!* has given a discussion of the factors involved in using velocity 


with an range of 


moduli encountered was method ) 
data as a measure of dynamic modulus. 

In a recent series of tests at the Portland Cement Assn. Laboratories, values 
of Young’s modulus of a group of specimens were obtained by all three methods 
Several brands of cement, includ- 
ing all five ASTM types, and three cement factors (3, 4.5, and 6 sacks per cu 


yd) were used. 


The same aggregate was used throughout. 


Specimens included both 6 x 6 x 30-in. beams and 6 x 12-in. 


cylinders tested at 28 days. In Tables | and 2 the specimens are divided 


LG f © average of 9 cylinders 
@ average of \3 beams 
3 
3 
= 
\o _ 6 by cylinders 
t 
2 
313 
\ 
© 
3 
\ 
12 \ 
a \ 
6 
6 by 6 by 30 beams — 
Fig. 3—Relationship between 10-45 50 —$0 


pulse modulus and static modulus 
of elasticity of concrete 


Age at test 28 days. Cement contents 3, 
4.5, and 6 sacks per cu yd 


Static Modulus, psi x 10~® 
(cylinders: initial tangent modulus; beams secant modulus at 
15% ultimate) 


|, 
A 
i 
4 


468 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


into five groups of ascending values of static &. For each group the ratio of 
each type of dynamic modulus to static modulus is shown. Data from these 
tables are incorporated in Fig. 3 where the ratio of pulse modulus to static 
modulus is plotted against statie modulus. These data show that except 
for cylinders with a low modulus of elasticity, the resonance modulus agrees 
well with the static modulus, although there is a tendency for the ratio of 
resonant to static modulus to decrease as the modulus of elasticity increases 
For the pulse modulus, this tendency is very marked. As the elasticity of 
the paste approaches that of the aggregate, the ratio of pulse modulus to 
static modulus approaches unity; or in other words, as the concrete approaches 
elastic homogeneity, the formula for homogeneous elastic bodies applies 

The same conclusion might be reached from data published by Batchelder 
and Lewis.'’ They subjected a group of 3.x 4.x 16-in. beams to freezing 
and thawing. Initially, Young’s modulus of all specimens was in the vicinity 
of 6,000,000 psi as measured either by resonance or velocity methods. After 
deterioration had reduced these values to as little as 1,000,000 psi in some 
cases, the velocity moduli were consistently higher than the resonance moduli 
with the ratio between them approaching 2 in the most severely deteriorated 
specimens 


CONCLUSIONS 


The dynamic methods should not be expected to check the statie methods 
exactly for two reasons. First, the dynamic methods deal with almost purely 
elastic effects, whereas static measurements are complicated by inelastic 
deformations; and secondly, the various methods are affected by the heter- 
ogeneity of conerete in different ways. For predicting the deflections of 
structural members, no particular value of Young’s modulus is adequate 
since the deflection is a function of the duration as well as the magnitude of 
the load. The difference between the resonant modulus and a particular 
secant modulus may be thought of as a measure of the plastic deformation 
occurring during the loading period. 

It is doubtful whether any practical use can be made of values of Young's 
modulus computed from pulse velocities. If the paste and aggregate differ 
in elastic properties, the formula used for calculating the modulus is mis- 
applied, and the results are likely to be misleading. Since the pulse velocity 
is a characteristic of the concrete independent of size and shape of specimen, 
the velocity itself would appear to be a more significant property than some- 
thing calculated incorrectly from it. Thus the pulse technique does not 
appear promising for calculating the absolute value of any elastic constant 
of concrete other than pulse velocity; nor does it appear promising for com- 
paring, even on a relative basis, elastic properties of coneretes containing 
different aggregates. It does, however, have a promising field in studying 
the setting and hardening of green concrete and the durability of concrete 
at later ages. Changes with time of the pulse velocity in a single piece of 
concrete must surely be significant. It is evident that extremely sensitive 
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eqtupment is necessary, since a large change in the velocity through the 
paste will produce a much smaller change in the over-all concrete pulse ve- 
locity 
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ment distribution. 


The original bridge which spanned the Kil- 
kerrin Estuary, Galway county, Ireland, con- 
sisted of steel girders carried on stone piers 
and was built over 70 years ago. The man 
responsible for this work was Father Flannery 
who in his day was known 
Building Priest of 


as the “Bridge 
the West,’’ and was re- 
sponsible for the 


construction of many 


bridges to shorten the journeys which pre- 


viously meant traveling long distances on 
foot around estuaries and bridle paths skirt- 


ing the mountains 


The bridge at Kilkerrin carne to be known 
as Flannery Bridge and served the people of 


Connemara well for over 60 before 


being replaced by the new bridge which has 
also been called Flannery 


years 


sridge 


Design 

The original design for the new bridge 
three 60-ft but 
due to the difficulty encountered in finding 
suitable foundations on the tidal bed, the 
contractors put forward for consideration by 
Nicholas O’ Dwyer 
of Dublin, a single span scheme in prestressed 


consisted of span arches, 


the consulting engineer, 


concrete, and this was accepted 


Vv. ! 
MeNichols Rd., Detroit 19, Mich 


BY WAY OF SYNOPSIS 


\. P. Mason discusses the design of « rigid frame prestressed concrete high- 


PANG presents a graphical method for spacing stirrups in beams 


Rigid Frame Prestressed Concrete Highway Bridge (18 51-15) 


*A part of copyrighted JouRNAL or THE AMERICAN Concrete Inatirure, V. 26, No 
§ Separate prints of the entire Letters from Readers section are available at 45 cents each 


473 


A. KELLY analyzes continuous frames on elastic foundations by mo- 


The 


which has been improved to encourage tourist 


structure carries main 


traffic in western Ireland. It has a span be- 
tween bearing centers of 180 ft, a pier height of 
23 ft, and an over-all width of 26 ft made 
up of an 18-ft roadway with two 4-ft canti 
lever sidewalks. 

The whole of the concrete was cast in situ, 
the deck slab and cantilever sidewalks being 


reinforced with 


mild steel bars 


The piers and four main ribs are prestressed 


ordinary 


and have only light mild steel stirrups sup 
porting the prestressing cables. The bridge 
full British Ministry 
of Transport loading, the piers and beams 
being designed as 


was designed for the 


a prestressed two-pinned 
rigid frame, taking into account not only 
dead and live vertical loading, but secondary 
stresses caused by shortening due to prestress, 
shrinkage, temperature fall, and horizontal 
thrust. Due to the relatively short length 
of the piers the horizontal thrust was con- 
siderable, and at the the bridge 
was an appreciable proportion of the forces 
induced by the prestressing cables 
horizontal thrust 


center ot 


The large 
at the bottom of the piers 
was easily resisted by the hard granite rock 
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BY WAY OF SYNOPSIS 


\. P. Mason discusses the design of a rigid frame prestressed concrete high 


way bridge 


A 
ment distribution 


PANG presents a graphical method for spacing stirrups in beams 


KELLY analyzes continuous frames on elastic foundations by mo- 


Rigid Frame Prestressed Concrete Highway Bridge (LR 51-15) 


The original bridge which spanned the Kil- 


kerrin Estuary, Galway county, Lreland, con- 


sisted of steel girders carried on stone piers 
The man 


responsible for this work was Father Flannery 


and was built over 70 years ago. 
who in his day was known as the “Bridge 
Building Priest of the West,” and was re- 
sponsible for the construction of many 
bridges to shorten the journeys which pre- 
viously meant traveling long distances on 
foot around estuaries and bridle paths skirt- 


ing the mountains 

The bridge at Kilkerrin came to be known 
as Flannery Bridge and served the people of 
Connemara well for over 60 years before 
being replaced by the new bridge which has 


also been called Flannery Bridge 


Design 

The original design for the new 
three 60-ft 
due to the difficulty encountered in finding 


bridge 
consisted — of span arches, but 
suitable foundations on the tidal bed, the 
contractors put forward for consideration by 
Nicholas O’ Dwyer 
of Dublin, « single span scheme in prestressed 


the consulting engineer, 


concrete, and this was accepted 
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The structure carries a main coust road 
which has been improved to encourage tourist 
traffic in western Ireland. It has a span be- 
tween bearing centers of 180 ft, a pier height of 
23 ft, and an over-all width of 26 ft made 
up of an 18-ft roadway with two 4-ft canti 
lever sidewalks. 

The whole of the concrete was cast in situ, 
the deck slab and cantilever sidewalks being 
bars 


mild steel 


The piers and four main ribs are prestressed 


reinforced with ordinary 
and have only light mild steel stirrups sup 
porting the prestressing cables. The bridge 
British Ministry 


of Transport. loading, the piers and beams 


was designed for the full 
being designed as a prestressed two-pinned 
rigid frame, taking into account not only 
dead and live vertical loading, but secondary 
stresses caused by shortening due to prestress, 
shrinkage, temperature fall, and horizontal 
thrust. Due to the relatively short length 
of the piers the horizontal thrust’ was con- 
siderable, and at the center of the bridge 
Was an appreciable proportion of the forces 
induced by the prestressing cables. The large 
horizontal thrust at the bottom of the piers 
was easily resisted by the hard granite rock 
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Fig. 1—The 180-ff span rigid 
frame prestressed Flannery Bridge 
in lreland 


Fig. 2—Half elevation showing prestressing cables 


encountered at the site, and when forming 


the foundations if was necessary to blast 
out the rock with explosives 

The stiff piers, ribs of parabolically varying 
depth, and haunched deck slab induced large 
corner bending moments with a consequent 
reduction bending moment at midspan 
This enabled the over-all depth of the section 
at midspan to be kept down to 3 ft 3 in 


creating a graceful appearance (Fig. 1) 
Prestressing system 
The 


Wits 


Freyssinet system of post-tensioning 


used. Kach cable consisted of twelve 
0.276-in 
draulic jacks to provide a compressive force 


10 and 45 tons 


diameter wires, tensioned by hy- 


in the concrete of between 


per cable. The cables were sheathed before 
being placed in the concrete with 19-gage 
In all, 162 


a total length of 


seam welded “Tru-wel”’ tubing. 
cables were used having 
11,600 ft. 


concrete by all the cables was approximately 


The total foree induced into the 


10,000 tons and the maximum compressive 


stress in the concrete, which occurs in the 
bottom of the ribs at the center of the bridge 
undet dead loud conditions, Is approximately 
psi Fig. 2 


shows the general arrangement of the cable 


The outline drawing in 


profiles. Fig. 3 shows the stressing operations 


in progress at one end of the bridge 


Concrete 
The crushing strength at 40 days of stand 


Fig. 


3—Stressing operations in 
progress at one end of the bridge 


= 
- 
Courtesy Connacht Tribune 
ah: 
\ 
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ard test cubes taken from the 1: 1:2 mix in 
the center section of the bridge varied be- 
tween 8000 and 10,500 psi. 
concrete in the remainder of the work, which 
was all 1: 119:3 mix, than 
7000 psi at 28 days. To simulate the condi- 
tions affecting the actual concrete placed, 


Strength of the 


Was never less 


the test cubes were cured out in the open. 


Internal vibrators were necessary to place 


all the concrete in the ribs and piers 


Cost 
Cost. of the including approach 
$75,600 and the 


work was completed in less than six months 


bridge 
roads was approximately 


The hand railing and standards consist of 
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heavy galvanized tubular steel and channel 


sections which after being grouted into 
pockets in the ends of the cantilever side- 
walks were painted dark blue to blend with 
the surrounding rugged country 

The prestressed concrete design was pre 


British 
Engineering Co., Ltd., 


pared by the Reinforced Concrete 
who also supplied the 
prestressing cables and supervised the stress- 


Mild 


reinforcement was supplied from steel mills 


ing operations at the site. steel bar 
in Ireland, and the contractors for the work 
were the Roe Quarry Co. Ltd., Dublin 
A. P. Mason, British Rein- 
forced Conerete Engineering 
Co., Ltd., Stafford, england 


Graphical Method for Spacing Stirrups in Concrete Beams (2 51-16) 


As an aid in the investigation of diagonal 


tension in concrete beams, shear diagrams 
are drawn to determine the shear to be pro 
When 
the concrete section is insufficient to carry 
the total shear that 


diagram representing the excess shear ares 


vided for at each end of the beam 


then part of the shear 


determines the stirrup requirement of the 


beam. The area of this diagram determines 


the number of stirrups required its 


shape governs their spacing. The number of 


stirrups required is found by dividing the 


total excess shear by the capacity of the 
stirrup chosen for use, te. N V/C 

The method presented here for spacing 
these stirrups is, briefly stated, to graphically 


into N 
equal areas and to locate the stirrups at the 


divide the excess shear diagram 


midpoint of the resulting N 1 trapezoidal 
areas and the one-third point of the remain- 
Detail 
deseribed in the illustrations 


ing triangular ares operations are 
Only 


lar and trapezoidal shear diagrams are con 


triangu 


sidered 


Graphical method for spacing stirrups in case 
of a triangular shear diagram 


Let it be required to provide stirrup rein 
forcing to take care of the excess shear repre 
sented by the triangle ABC shown in Fig. | 
Using #3 U-stirrups the number required is 
90 
2 4400 
Then with Fig. 1, 

1. Divide base AB of shear triangle into 


3.835 or 4 stirrups 
proceed as follows 


four (N) equal parts at points a, b, and « 


2. Using AB as the diameter describe a 
circle 

4. Drop perpendiculars from points a, b, 
and ¢ intersecting the circle at a), by, and ¢ 

4. Using vertex B of the triangle as the 
center, describe ares from points a), 6), and 
intersecting base line AB at points as, be, 
and 


5. Draw lines aoay, bobs, and cu parallel 


to AC dividing the triangle ABC into four 


equal areas: 


6. Mark midpoints ms, and one 
third point m, where the stirrups are to be 
placed 

7. Seale off and write stirrup 


spacings as shown 


STIRRUP (24 
SPACINGS r 


Fig. 1—Graphical method for spacing stirrups 
in case of a triangular shear diagram 


: 
a 
tt | | 
| 
~ 
m, ma | ms 
\ 
a 
b, 
EQUAL |PART 
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K 
3 ™ 
3 
A g b ¢ B 
h=r/2 
\ 4 
\ 


Fig. 2—Similar triangles in ABC bear same 
ratio as corresponding need triangles in 
AB 


8%. Check the scaled spacings and make 
fractional adjustments so that the increase 
in spacing from left to right is on an up- 
grade and the sum of the spacings equal to 
AB. 

To prove the four areas are all equal, the 
shear triangle ABC is reproduced in Fig. 2 
divided as shown in Fig. 1. Auxiliary triangle 
ABK is radius per- 


pendicular to AB and divided into four parts 


constructed with 
by parallel lines through the same division 
points as triangle ABC. By proportion, the 


areas of the four similar triangles within 
ABC bear the same ratio to one another as 
the corresponding similar triangles within 
ABK. By auxiliary 


triangles are halves of squares bisected by 


construction, — the 


diagonals which are equal to the radii of the 
The 


may be 


arcs used to divide the shear triangle. 


areas of these auxiliary triangles 
expressed in terms of their diagonals d as 
A d/4 


also to be hypotenuses of right 


In Fig. 2 the diagonals are seen 
triangles 


CONCRETE INSTITUTE January 1955 
whose bases (designated as h) are portions 
of AB (Fig. 1) and whose heights are half 
chords (¢/2) of circular ares. In Fig. 3 is 
shown the relation of d to the chord ¢ and 
rise h of a circular are whose radius r is AB /2 
This relation is given by the equation 
d? (c/2)? + h? 
r? (r h)? + h? 
Qhr 
d*/4 2Qhr/4 


The areas of the four auxiliary triangles 


hr /2 
are evaluated in terms of r (see Table 1) 
The four areas whose equality is to be proved 
are the differences between adjacent triangles 
and are found to be all equal. The equality 
of the four areas into which the shear triangle 
ABC is divided is established by proportion 
with the corresponding auxiliary triangles. 
The midpoints of the equal trapezoidal 
areas are used here to locate the stirrups 
instead of their centroids. Justification for 
doing so is now considered. The centroid of 
these equal areas falls somewhere between 0 
and Ys the base distance away from the 
midpoint. It 
or % off center for the triangular area and 


is definitely at the 14 point 
approaches the center in the end trapezoid 
The second largest deviation occurs in the 
lig. 
4 shows part of any shear triangle divided 
Here the following relation 


trapezoid next to the triangular area. 


into equal parts. 


exists: 
(B,C,)? : (B.C.)? = AB,BC, : AB.BC, = 1:2 
BC, = BAC, 1.4142B,¢, 


The centroid of the trapezoid B.B,C\C, 
from B,C, is 
S(B,C,) S(1.4142B,0,) 28 
x — 4 x 
2 3 2 4 
S(B,C)) S(1.4142B,0C,) 
2 2 


0.529 S 


TABLE 1—EVALUATION OF AREAS IN TERMS OF + 


Triangles hin terms d V2rh 
(Fig. 2) of r (Fig. 2) (Fig. 3) 
Be, r 2 r 
by Bhs r V2r 
a,Ba, 3r/2 Vir 
ABK 2r 2r 


Area d*/4 


Difference 
adj. triangles 


Equivalent 
part areas 


r?/4 r?/4 

2r2/4 r2/4 
br? /4 r?/4 a, 


LETTERS FROM READERS 


Its deviation from midpoint is 0.529 — 0.5 : 
0.0298. For S 9 in. the deviation is ——— 

14 in. which is a close tolerance for placing — ™ 2 ‘ 7 

stirrups. For S 13 in. the deviation is 3 

only in. and stirrup spacing over 12 in = 

is rarely practical due to limitations of beam i +7 


depth and bond requirements. The deviation 
in the next trapezoid is figured to be only 
O.O1L S. With errors confined to such 


negligible limits, the conelusion can be 


drawn that it is good practice to space 


stirrups at the midpoint of the trapezoidal 


areas. It conforms with practical tolerance 


and saves a large amount of figuring. The 
fractional stirrup, added to make a whole 
number of stirrups, reduces the chances for ~ 


over stress due to inaccurate spacing 


Graphical stirrup spacing in case of a 
trapezoidal shear diagram 


Fig. 5 shows the trapezoidal excess shear ao 
diagram ABCD for a beam to be reinforced iy 


with stirrups. If a #3 U-stirrup is used the ™ 
B B 
number required is 4 | 5 — 


(900 + 376) 


60 9.31 or 10 
2 * 4400 


To divide the trapezoid into ten (NV) equal Fig. 4-—Deviation of centroid from midpoint 
disso of trapezoid is limited to 0.029 


areas proceed as follows: 


1. Produce AB and DC to 
form triangle AB,D. 


60" 


2. Deseribe a circle using | 


AB, 


as a diameter 


3. Using B, as the center "1 
describe an are from B to in- 
tersect the circle at B 


From By, erect perpen- 
dicular B,B, to determine the i 
base length AB, to be divided 
into ten (N) equal parts at 


points a, b, ete 


5. Drop perpendiculars 


from points a, b, ete., to in- 
tersect the circle. Follow steps 
1 & for the case of a triangu- 
lar diagram to complete the 
solution 


C. ¥. Pane, Fi 


Honolulu, Hawaii 


9g. 5—Graphical method for spacing stirrups in case of a 
trapezoidal shear diagram 
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Continuous Frames on Elastic Foundations Analyzed by Moment 


Distribution (LR 51-17) 


In the analysis of a continuous frame, the 


moments, shears, and thrusts to be deter- 
mined at any point depend largely upon the 
degree of fixity assigned to the foundations 
of the structure. If the supporting soil is 
that the 


modulus can be determined with reasonable 


of such a type foundation — soil 


accuracy, moments in the frame can be 


easily determined by the simple process of 


moment distribution. Just as fixed-end 
moments, stiffness, and carry-over factors at 
one end of a beam can be modified to include 
the effects of complete fixity or complete 
freedom of rotation at the opposite end of the 
member, so these same moment distribution 
factors can be modified as outlined herein 
to allow for the partial restraint offered by 
an @lastic supporting medium 

first member AB of length L 


shown in Fig. |.) The fixed end moments, 


Consider 


ends 
BA; 


Cpa; re- 


fuctors at 
M van, 
and 


stiffnesses, and 
A and B are denoted by 
kK L, K L: 


spectively kor 


CHITY-OVE! 


Can 


uniform members these 


terms are obtained easily by the basic 
principles of structural analysis, and in’ the 
case of nonprismatic beams their values are 
more readily obtainable from any of several 
existing charts and tables 
If a moment My is applied to the footing 
at end 2B, a 
which is given by the expression 
12 My 
On (1) 


rotation @, will be produced 


where m is the foundation modulus usually 
defined as the force per unit area necessary 
to produce a unit deflection of the supporting 


medium; a and 6 are the dimensions of the 


symmetrical footing parallel and perpen- 
dicular, respectively, to the plane of bending. 
If the moment My, is applied to end A so 
as to produce a unit rotation at that point, 
this applied moment is by definition the 
stiffness of AB at end A so that 
EI, 
L 


If such a moment is applied at end A moment 
VW induced at end B will be 


Va (Kan 96 Cpa) 


Mp (Kan Cap Kua 9p) 


Letting 
mash L 
12 ‘ Kya El, 
and recognizing that Aug Cag 
stiffness at A 


q (2) 


Kaa 


the modified may then be 


stated as 

(1 +4 

l+q¢ 

The modified carry-over factor C’4, becomes 
Vn q 

M, 


If the beam is considered fixed at 


M 1 3) 


Cap.(A) 


CapCpa) 


A and 
partially restrained at B to the extent indi- 


cated by Eq. (1), the application of any 


loading system to the beam will produce a 
M' var at A 


modified fixed-end moment 


equal to 


El, 


M' van Mean + (Kaa Cra) 


Cpa 
Mean 4 


+ 


x Mena 


Fig. 1—Schematic sketch of 
typico! ~ber 
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20' o | o | 
| io"| io 
'- 0" LF 
B 5'x5' Ftg. — 
Ftg 


Fig. 2—Pertinent information for frame to be analyzed 


The restraining moment My’ at end B for this 


same condition of loading will be My (Koa + Kap Can) 
Mp’ = 9x) Kua El, A 
L On) 
L Le 
q 
Versa (0) q 
+ - Capa) (8) 
+ 
To determine fixed-end moments resulting , 


from sidesway of the beam, end A of the When solving Eq. (3) through (8) the 
member AB is moved laterally and without "=Umerical values of the carry-over factors 
rotation through a distance &. This motion Cas and Caa are always positive, and fixed- 
will produce a fixed-end moment at nd moments and Mega will both be 
end A equal to positive if they each tend to produce com 
pression on the same face of member AB 
ran (Kan + Kua Cpa) To 


illustrate the use of the foregoing 


procedures, the frame shown in Fig. 2. has 


kl Kap El, A been analyzed. Pertinent factors and other 

(Kaa On Cua) data necessary for the distribution have been 

: computed and indicated in Table 1. Routine 

crak Can" <et) (7) details of the actual distribution, including 
q + 


and balance of shears and mo- 


ments, have been omitted to conserve space 
B by the movement without rotation of end The final 


The restraining moment Wy" induced at end 


results are shown in Fig. 3.) In 


1 is accordance with the convention often used 
TABLE 1—DATA FOR COMPUTING FRAME IN FIG. 2° 
Member AC Member CE Member AB Member CD Member KI 
10 0 L 20.0 L 18 0 L 18 0 L 15 0 
lo 1628 lo 0 lo 0 lo 0 197 0 OAS 
Car 758 485 Cap 204 Ces os Oo 5 
Cca 0.576 Cre 0 948 Cua O R44 Cwm 05 Crr 05 
Kar 7.24 Ker 12.28 Kan 46 Kev Ke 
Kea 54 K Kwa K 10 Kee 
M pac 204.2 0 V rau 105.4 0 0 
2765 VM 0 Verna $7 3 
0 467 4 O S24 O 404 
Stiffness at A Stiffness at ¢ Can Owe 252 Cee 
0 O295E 0 O512E O 0 O474) Ve 0 O105/ 
Stiffness at C Stiffness at 0 wre 0 
0 Vw’ 114 Wy 0 Wy 
ran A643 Gt 265 St 
Vn 102 My, 165.27 Vy’ $441 


*All units in kips and/or feet 
tThese moments based on 3 100,000/ I 


On 

va 
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Member y AB AC CA CE CD 
Relative stiffness 0.718 282 0.304 0.400 0.296 0.665 0.335 
Fixed-end moments 126.6 | +204.2 276.5 


Final moment 144.5 | +1445 


1494.5 


A 


9.20% 


40.2* 
26.92* 


Fig. 3—Results of example 


in moment distribution, the moments listed Keira A. Keuiy, Structural 
in Fig. 3a are considered positive when they Department Head, Baker- 

Wibberley, Inc., Consulting 
produce a clockwise rotation of the joint Engineers, Baltimore, Md. 


upon which they act. 
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267.5 | +251.8 | +15.7 | +122.9 638.9 11.1 +107 
2675" 
«' 
CE 
0.03% 
ok’ 
18.66% 
30.42 
b 


Bridges 


World's largest prestressed concrete spans 


Rouert SuamMa, Canadian Conference on cased 
Concrete, University Extension, University of Toronto 
1954, pp. L-1-1-S4 


detail the 
three 


Deseribes in 


design and 


struction of the prestressed concrete 


arch bridges on the new Caracas-La Coairs 


superhighway in Venezuela 


Reinforced concrete highway bridges 


( S. Cuerror, Reinforced Concrete Review (London 
V. 4, No. 4, 1954, pp. 197-215 (Cineluding diseussion 
Design and construction of reinforced 


highway bridges are discussed under the 


headings (1) loading, (2) materials and 


stresses, (3) design police) and factors of 
sufety, (4) construction, (5) aestheties and 
surface finish, and (6) maintenance Special 


consideration is given to maintenance 


Prestressed concrete bridge for Sydney site 
L. CHALLEN, Commonwealt) Melbourn 
V. 41, No. 4, Nov. 1953, | 


Engines 
p. 151-153 


Deseribes the 
New 


first prestresse d 


Wales 


highways 


bridge in South Australia 


Development of cast-in-place piles for highway 
bridges 
Max H. Battey, Proces 
and Highway 
portation and 
California, 1954, pp. 1460-145 

\ description Is given ol tests perlorme | 
to develop design information for conerete 
filled steel falling 
entegory ol 


pipe into the normal 


short columns 


Conclusions are 


*A part of copyreh OF THE oA 
V.51. Address 18263 W. MeNichols Rd 
the book or article reviewed is in kenglisl « follo 
In those cases where the foreign tithe cannot con salentl 
original article is indicated in parenthesis following the ka 


available through ACI 4 


most cases ACT can furnish 


addresses of 
iddresses of p 


ullatle 


ibleat 


Current 


Reviews 


of Significant Contributions in Foreign and Domestic Publications 


publishers are 


ons added later 
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and «a formula, derived from the 


enumerated 


results, is given for properly expressing thei 


ultimate strength 


Cantilever construction without centers of pre- 
stressed concrete bridges—the bridge of Worms 
on the Rhine (in French) 


Henny Lossinn 


Supplement to the Annales de UI natitut 
Technique du Batiment ot de Travaugs l’ubl Darin 
No. 75-76, Mar.-Apr. 1054, Series Prestressed con 
erete (No. 17 14 yy 


The Worms 


consists of three spins at 


prestressed concrete bridge 


330, 376, and 543 ft 
bree span (cantilever) construction and pre 


stressing operations are deseribed 


New prestressed bridge at Glostrup (Ny 
vestbro i Glostrup i forspendt beton) 


V. 643, No. 10, Mar. 6, 1954, py ty 24l 
Reviewed by Rote B. Beer 
Describes a 31.70 m long x 25.10 m wide 
ratlroad overpass consisting of 23 prestressed 
girders The girders prestressed longi 
tudinally, were placed side by side, grouted 
and prestressed transverse) The slab was 


placed directly on the top flanges 


Concrete arch aoitipe meets many problems 
Danny, World Construction, V. 7, No. 2, Mar 
Apr. 1954 


pp 
Open a | andrel arch design was adopted tw 
meet CNPress wit 
difficult 

Arroyo Seco Bridge on the Colorado Freewas 
Pasadena, 


design of 


functional requirements 


under 


terrain conditions for the 


design 
dec} slab 


considered 


probleme 


veh ribs ind boon 


wirder 


are 


Jan 


1955, Proceeding 

} Where the knglish tithe only is given in a review 
t fore nm tit Ath that languawe 
the me im typ inn tvuilatl the language of the 
vlish tithe, Copies of articles or books reviewed are net 
listed in the June “Current Reviews’ each vear. In 


F 


JOURNAL OF THI 


Construction 


Swedish 
stations 


JouaN Hacnur 
Civil Engineers (London) 
1954, pp. 421-444 


underground hydroelectric power 


Institution of 


V. 4, No. 2, Aug 


Proceedings 
Part 


Reviewed by Anon L. Minsky 


General description of the design and con- 
struction of a type of facility which is assum- 
ing increasing importance on the American 


continent (¢.q., Kemano) 


Electric tunnel kiln at Jinja, East Africa 
The Engineer (London), V. 198, No. 5138, July 16 
1954, p. 

Anon L 


Reviewed by Minsky 


Public Works 
5,000,000 th 
of tile and cellular block per year 


Kiln, built by 


Department, has capacity of 


Uganda 


Inclusion 
of heat exchanger, preheating tunnel, and 
batch dictated by 
local (high 


drying chambers was 


atmospheric conditions night 


humidity) 


Water tower at Glasgow 


Concrete and Conatructional 


V. 40, No. 1, Jan. 1954, pp 


Engineering (London 


18-14 


Deseribes a water tower recently built on 


the outskirts of Glasgow. General dimensions 
of the tower are as The tank is 
75 ft 20 ft 9 in. high, with walls 
15 in. thick for 14 ft and 9 in. thick to the 
top. The floor is 2 ft thick and rests on 16 
columns 3 ft in diameter and spaced 20 ft 
The *olumns 


have a clear height of 64 ft 3 in. and rest on 


follows 
square, 


on center in two directions 
individual bases 15 ft square by 2 ft 6 in 


thick 


Stadium in Hungary 


Concrete and Conatructional 


V. 44, No. 5, May 1954, pp 


nginecering London 


161-164 
People’s Stadium in Budapest covers 67 
17,000 
All of 


were precast at the 


ACTOS and provides seats lor and 


standing room for 25,000 
forced 


the rein- 
concrete beams 


site 


Arched hollow roofslabs (Het fuseedak) 


W Van and J. 1 
(Amsterdam), No. 15-16 
Reviewed by 


Bisi 
1954, pp. 240-2435 
Joun W. T. Van En 


Cement 


Although these arched slabs are as thin as 
shell roofs, they are based on a quite different 


structural principle, acting as true arches 


and exerting an outward thrust on the 
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necessitate the 
3-in 


“fusees’’) are 


supporting walls. This mis 


use of the Hollow tile tubes of 
(called 


laid end to end embedded in the concrete to 


rods 
diameter, 14 in. long 
form hollow cores that follow 
of the Thickness of 
and for spans over 30 ft 


the curvature 


arch slab is 44% in 
a top and bottom 
reinforcing mat is used For unreinforeed 
slabs the arch forms are loosened in about a 
day, depending on weather conditions, and 
about and a 


for reinforced slabs in 


halt 


sulating qualities, and is a new application of 


a day 
The roof is lightweight, has good in- 
an old principle. This type of construction 
was successfully used in Roman days for the 


construction of large domes. 


Rocket launcher construction 


L. Rowert Davins, Engines 


Corps Bulletin 
U.S. Navy, V. 8, No. 4, Mar 


1954, pp. 12-14 

\ brief description of the construction of 
footings for two rocket launchers in Virginia 
The foundations are of post-tensioned con- 
crete 3000 ft long, 4 ft wide, and 18 in. deep 
They 


two consecutive segments placed at the same 


are placed in 100-ft segments with no 


time. Six 5¢-in. cables are used for stressing 
when the compressive strength of the conerete 


reaches psi 


Materials combined to advantage—concrete 
in compression, steel in tension 


N. Severup, Cinl Engineering, V. 24. No. 3 
Mar. 1954, pp. 52-55 
structural under- 


Discusses the concept 


lving the design of the unique Livestock 
Raleigh, N. The 


building consists of two parabolic arches of 


Judging Pavilion at 


reinforced conerete which eriss-cross trans 


versely and carry “floating” saddle-shaped 


roof. The roof is supported by a system of 


steel cables which form a catenary curve 


Garage in London. 
194 ft 


Concrete and Conatructional 


V. 49, No. 1, Jan 


Curved beams spanning 


nginecring London 


1954, pp. 23-26 


Describes a garage built in) London to 
aecommodate 200 buses 
is 302 x 104 ft 
73,350 sq ft 


two-hinged reinforced concrete frames 


The main building 


with a clear floor area of 
This building consists of 10 
$2 ft 
on centers with curved beams spanning 194 ft 
Between the 


beams are reinforced concrete 


slabs curved in two directions 


CURRENT 


Prefabricated arena at Toulouse (in French) 


Jean Baners, Supplement aur Annales de l'Institut 
Technique du Batiment et dea Travaur Publics (Paris 
No. 74, Feb. 1954, Series Reinforced concrete 
No. 25), 10 pp 


SUMMARY 


The Toulouse sports arena (12,500 seats), 
205 ft 3 in 
(90 m), is built in the form of a polygon with 
18 sides and is 60 ft 8 in. (18.5 m) high 
The 


with an outside diameter of 


prefabricated seats rest) on inclined 
racks supported by posts set in five con- 
centric poly wires secure the 


horizontal cross framing members between 


the posts. Stairways were also prefabricated 


Work was completed in 3 months 


Factory with shell roofs 


Concrete and Constructional Engineering 
V. 49, No. 1, Jan. 1954, pp. 29-33 


London 


Briefly describes a factory in England on 
The 
building is 210 x 72 ft and the 


Which shell roof construction was used 
two-story 
roof is comprised of four bays with three 
north-light barrel vaults each 


20-mile canal job completed in two months 
WW, No. 10, Oet, 1953 


Contractors 
pp 


and Engineer \ 


Describes the building of a 20.4-mile seg- 


ment of irrigation canal in Arizona’s Gila 


Project. Special excavation and lining equip- 
ment was devised to perform this record- 
making feat. A machine was built to exea- 
vate and trim in one operation thus permit- 
ting it to operate 200 yd ahead of the lining 
equipment. A slip form the shape of the 


final canal was used in lining the canal 


Port of Sousse (Le port de Sousse) 


Meunier, Annales des Ponta et Chauaseca (Paris 
V. 123, No. 4, July-Aug. 1953 pp. 444-460 
Reviewed by Anon L. Minsky 


Interesting account of reconstruction and 
this 
had been almost completely destroved in 1943 


modernization of Tunisian port) which 


Lining the Haslingden and Walmersley tunnels 
and A 


Dawson Bertriin, Concrete and Con 


structional Engineering (London), V. 49, No. 1, Jan 
1954, pp. 43-50 
Describes the lining of I1 miles of tunnel 


using a concrete mixing and placing train 
This method employed a large dry-batcehing 
the 
train of yd side-tipping 


plant at oa between two tunnels 


fed a 


The wagons were drawn on tracks 


point 
which 


wagons 


REVIEWS 
by oa 12-hp battery-cleetric locomotive to 
the mixer and placer, aorun of as mueh as 
10) miles 
Wind-shield wall 
Concrete and Constructional Engineering (London 
V. 48, No. 11, Nov. 1953, pp. 352-353 
Describes a circular wall of 246 ft) inside 


diameter consisting of precast eurve | columns 
19 ft high and 13 ft on centers with b's-in 
The slab 


plastering both sides o 


corrugated slabs between them 


was formed by 


sheet of expanded metal, bent to the cor 


rugated shape, with a cement and sand 


mortar. The wall acts as a wind-shield for a 


settling tank 


Construction of the Stockholm subway system 
(Konstruktioner for Stockholms tunnelbana) 
GYLDENSTEIN, Teknisk Tidskrift (Stockholm 
V. 84, No. 21, May 25, 1954, pp. 473-488 
Reviewed by Cann. H. Guararson 
the 
subway system which is now under construc- 


Noteworthy 


A complete deseription — of 15-mile 


tion. are the various complica 
tions which were encountered and the solu- 
tions to these problems. A concise discussion 
is given of each of the subway stations and 
its method of construction Open-eut, 
parallel, and double-decked tunnels are dis 
cussed and the reasons are given for selecting 


each. 


Grandstand in South Africa 


Concrete and Conatructional London 


Engineering 
V. 48, No. 11, Nov. 1953, pp. 449-451 
A grandstand near Cape Town, South 


\frica, is described. The roof is supported 


by cantilever beams 56 ft 6 in. long and 
cantilever beams up to 36 ft long support the 
ramps Because of a space limitation between 
the playing field and the road, the grand 
stand is tall and shallow 


hold persons 


It is designed to 


War memorial tower in prestressed stone units 
in Doboju (Spomenik iz prejnapetega kamna 
v Doboju) 


Miran Kranic, Gradbeni Vestnik (Yugoslavia), Vo 6 
No, 25-26, 1954, pp. 125-126 
Reviewed by J. J. PotivKa 
Stone tower, 54-ft high, is anchored to a 
box foundation, & ft 3 in Square and 13 ft 
3 in. deep, of reinforced concrete The box 
has 20-in. thick walls and is accessible by 
adjacent ladder shaft, 24 x 22 in. clear, with 
6-in. thick walls. The tower is assembled of 


nine tfrustrums of triangular pyramids, 1, 2 


7 
a 

ay 

| 
ce, 
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and $m high, put in compression by three 
%-in. diameter prestressed bars anchored on 
the top of the seventh frustrum and under- 
slab. These 
15 ft long, were inserted in 4d-in. diameter 


neath the upper foundation 


bars, 


holes along the vertical centerline and 


grouted after  prestressing. For uniform 
transmission and distribution of the exerted 


besides 


used in 


should 


pressure sheet metal was 


the joints; round = edges 


prevent chipping 


Concrete floors for heavy loads 


L. L. Simon 


No. 11, Mar 


Conatructional Review (Sydney), V. 26 
1954, pp. 18-21 

AuTHOK's SUMMARY 
construction of conerete 


Deals with the 


floors designed to carry heavy wheel loads 
and laid directly on the subgrade or on fill 
It is emphasized that the usual construction 
method of such floors, consisting of a rela- 


tively weak base and a thin surface course, 
is not suitable for this type of loading and 
therefore design and construction should be 
ns tor conerete 


pavements It is pomnted 


out that it is possible to construct a one- 
with a smooth 


The 


of subgrade and base course preparation is 


course dense concrete floor 


finish without rendering Importance 


also stressed 


Dams 


Control of concrete quality used in the con- 
struction of large dams (Le controle de la 
qualite’ des betons utilises sur les chantiors des 
grand barrages) 
Kintan, Annales de Ulnatitut Technique du Bati 
ment et des Travaux Publics (Paris), No. 74, Feb. 1954 
Reviewed by Lo 
The problems of controlling mechanical 
properties of concrete are reviewed. Several 


weeks elapse between the making of the 
conerete and the evaluation of its mechanical 
constants on which the structural design was 
prepared By using the new testing method 
based on internal friction the quality of the 
concretes can be compared. The accuracy 
of these measurements is greater the younger 
the concrete, which should not be older than 

The 
test to 


3 dave test is an adaptation of the 


sonic determine the modulus of 


elasticity 


Cooling mass concrete at Warragamba Dam 


World Conatruction, V. 7, No. 2, Mar.-Apr. 1954 
pp. 36-37 


Describes briefly two cooling methods 
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Dam (Australia) 
(1) system of pipes embedded in 


used for Warragamba 
concrete: 
during 
batching and use of chilled water in mixing 


concrete, and (2) addition of ice 


Design 
Contribution to the theory of the elastic circular 
cylindrical shell 


Acta Technica Academine 
(Hungary V. 6, No. 


P. Csonka, 
Hungariwae 
167-175 


Scientiarum 
2, 1953, pp 


HUNGARIAN TreunicaL ApsTRActTs 
5, No. 3, 1953 


The bending theory of the elastic circular 
shell of thickness 
be solved by precise closed formulas instead 


cylindrical constant can 
of the approximation of the iterative method 
introduced by <A, For the 


solution of the problem the author presents 


Aas-Jakobsen 


a stress problem and with its aid expresses 


the displacement stress components 


Method of designing slabs 
Concrete and Constructional 


V. 48, No. 11, Nov. 1953, pp 


Engineering (London) 


355-358 
Describes a method of design based on 
slab 

columns without beams 
that 


amount, 


deflections of a freely supported on 


Experiments show 


the deformation is influenced by the 


position, and direction of rein- 


forcing as well as the column spacing and 


the loading. Drawings show deflection con- 


tours of a slab with various bar arrangements 


Analysis of a parabolic arch supported by 
columns fixed at their bases 

Vv. A 
neering 
269-277; No. 12, Dee 


MonrGan, Concrete and Constructional 
London) \ 18, No. & Aug 
1954, pp. 591-496 


Engi 
1953, pp 


The first) half 


parabolic arch with a 


presents an analysis of a 


variable moment of 


inertia. expressions are developed for the 


arch with a horizontal load at the springings, 


and with a horizontal load acting on the 


arch. Also expressions for the influence line 


lor bending moment due tou vertical load 


moving across the span. Expressions are 
developed for the column under a horizontal 


load 
of design 


The second half presents an example 


Influence lines for continuous beams 


neering 


SHEPLEY, Concrete and Constructional 


London), V. 49, No, 2, Feb 


1954, pp. 63-69 
Presents a simplified method of caleulating 
the ordinates of influence lines for prismatic 
continuous beams with any number of equal 


or unequal spans. Examples showing the 
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complete procedure for influence lines of 
moment and deflection at a section between 
the center supports of a three-span continuous 
beam are given. Eight tables are presented 
to aid in the calculations 


Circular diagram for the design of beams 


Concrete and Conatructional Engineering (London 


V. 49, No. 5, May 1954, pp. 158-160 

A graphical method of determining depth 
of a beam under a known bending moment 
and of calculating stresses in a singly rein- 
foreed beam. Examples illustrate the method 


New method of analyzing continuous beams 
MiLAN FaKkin, Gradbeni Vestnik (Yugoslavia), V. 4 
No. 9-10, 1952 
Reviewed by J. J. PonivKa 
The method presented is purely mathe- 
matical and based on solution of equations 
by determinants. The unknowns, the bending 


moments at the supports, are expressed as 
1,2,...m), and the values 
B, and A, are found by determinants 


Practical calculations for reinforced concrete 
columns (in Dutch) 
Monrrecmans, Technisch-Wetenschappelijk Tijd 
achrift (Antwerp), V. 24, No. 10, Oct. 1955, py 
220-223 
Mecuanics Review 
Apr. 1954 (Acharya 
Instead of the formulas for the buckling 
coefficient of columns due to Rankine and 
others, author suggests an empirical formula 
Applying this formula to two seetions, graphs 
have been drawn showing the coefficient as 
a function of the section characteristics with 
as parameter Numerical examples 
explain the practical application of these 


graphs in some specific cases. 


Design of two-way reinforced rectangular 
slabs by the theory of plasticity (Berechnung 
kreuzweise bewehrter Rechteckplatten nach der 
Plastizitaetstheorie) 
H. Ocsterreichische Bauzeitachrift (Vienna 
V. 9, No. 4, 1954, pp. 17-21 
teviewed by 
Considering the probable pattern of rup 
ture, author developed simple formulas to 
determine moments and load Curry ing eapac 
ity of slabs supported at four sides and with 
different end conditions It is shown that 
the load earrying capacity will not be reduced 
by reducing the reinforcing in the span and 
strengthening at the same time the rein 


forcement over the support. Other formulas 
ure developed to determine the length ol the 
reinforcement over supports and for the 


moments in supporting girders 


Investigation of stresses in polygonal vaults 
(in Hungarian) 
L. Garay, Melyepitesfudomanyi Szemle, \ No, 
Aug. 1953, pp. 435-440 
Treeunicat 
V. 5, No. 3, 1953 
Principles of calculation for the solution 
of membrane stresses when bending and 
shearing forces are acting on the vault) as 
well as mathematical and graphical deter 
mination of secondary moments due to defor 
mations, the effeet of the rigidity of the 
edge beam on the secondary moments, sand 


the resulting stress distribution are deseribed 


Nomographs for economic design of reinforced 
concrete sections under bending 
Franso Gradbeni Vestnik (Yugoslavia), V. 4 
No. 9-10, 1952 
Reviewed by J. J. PotiwKa 
Nomographie charts show the most eco 
nomical section for various prices of concrete 


steel, and formwork 


On the systematic plastic adjustment of mo- 
ments and stresses in structures under bending 
(Zur Systematik des plastischen Momenten 
und Spannungsausgleichs in Stabwerken unter 
Biegung) 
H. Craemen, Ingenieur-Arch Berlin), V. 21, No 
1953, pp. 187-190 
Reviewed by ten Fiseu 

Three kinds of adjustments are discussed 
for stresses in a section, for moments, and 
for stresses in a structure. The adjustment 
of stresses in a section is continuous and 
might be elastic or plastie. The adjustment 
ol moments in a structure is either locally 
plastic or elastic. The adjustment of stresses 
In a structure is, as a rule, locally plastic 
\ continuous plastic or elastic adjustment in 
statically indeterminate structures can be 


accomplished by approximation only 


Prismatic roofs with small angular change 

J. Asiupow Concrete and Conatructional Engi 
ering (London \ i No. 1-4; Jan. 1954, pp 
t-12; Feb, 1954, pp. 74-80; Mar. 1954, pp. 105-100 


ne 


Presents a method of analysis for thin- 
shell prismatic structures where the slabs are 
inclined to one another at angles less than 
30 deg In these cases the deformations of 
the Joints mitist be taken into account because 


relative joint displacement affects the cross 


a 

hc 
3 

3 

4 
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bending moment over the joints and con- 
sequently the load transferred to the joints. 
In turn the longitudinal stresses and bending 
moments are altered. The method is illus- 
trated by a design example. A portion of 
the series is devoted to prestressed prismatic 


roots 


Constants for design of continuous girders with 
abrupt changes in moment of inertia 

A. Cavucuey and Sicmunp 

Bulletin No. 176, lowa State College, V. 52, No. 46 

Apr. 14, 1954, 40 pp. 

Presents in handy form the stiffness factors, 
carry-over fixed-end 
for beams in which there are abrupt changes 
in the The type of 
change considered is that which occurs when 
plates are riveted or welded to the flanges 
of an I-beam over part of its length. The 
information furnished, however, would apply 


factors, and moments 


moment of inertia. 


to beams or girders of any elastic material 
or materials, provided the change in moment 
of inertia is a sudden one. The curves of 
the paper could, for instance, be applied to 
composite beams of a continuous girder with 
the moment of inertia changing abruptly at 
the point of inflection. 


Materials 


On the characteristic function of the state of 
tension in a given material (Sur la fonction 
caracteristique de l'etat de tension dans un 
materiau donne) 


Cuantes Prarnien, Annales des Ponts et Chaussees 
(Paris), V. 124, No. 6, Nov.-Dee. 1953, pp. 693-701 
Reviewed by Anon L. Minsky 

Assuming the internal 


isothermic potential in a material of classical 


existence of an 


theory-of-elasticity type, author defines (1) 
a transformation which 
izes the material; (2) the relations between the 


function character- 
tensions and the transformation; and (3) the 
equations of equilibrium and the expressions 
for the tensions on the boundary surfaces 
Equations are given in both algebraic and 
tensor notation. 


Sodium methylsiliconate—nature and appli- 
cations 
Wittiam and Arnotp 
Industrial and Engineering Chemistry, V. 46, No. 2, 
heb. 1054, pp. 381-384 

Sodium methylsiliconate (methylsilanetriol 
monosodium salt) was developed to provide 
a silicone useful for imparting water repellency 
to a variety of materials. It is water soluble, 


and may be applied from dilute aqueous 
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systems and achieves water repellency with- 
out a high temperature cure. Preparation of 
solutions is discussed and data presented on 
its water-repellent effectiveness 


Investigations of the hydration expansion 
characteristics of portland cements 
H. F. Gonnenman, Witttam Leren, and THomas 
M. Wuiresipe, Research Department Bulletin No. 45 
Portland Cement Assn., Chicago, Ill, June 195% 
172 pp 

Summarizes some of the significant results 
investigations of the 
characteristics of 


of extensive volume 


change portland cement 
pastes, Results of these studies indicate the 
primary causes of unsoundness in portland 
cement are the free CaO and crystalline MgO 
contents of the cement. Studies were also 


made of the relationships between the results 


obtained by various accelerated tests, par- 


ticularly the autoclave test, and the length 
change characteristics of heat cement pastes, 


mortars, and concretes stored under con- 


trolled laboratory conditions. 


“Fine” or ‘‘coarse’’ sand (Sable ‘‘gros’’ ou 

“fin"') 

Hi. Mancur, Reoue des Materiaur de 

(Paris), No, 468, Sept. 1954, pp. 251-258 
Reviewed by L 


Conatruction 
MELVILLE 


A thorough investigation on the economic 
use of fine sand was undertaken to determine 
its concrete making properties, especially as 
far as strength is concerned. The fine sand 
(used in glass making) was compared with 
clean river sand. The former was irregular 
in shape with sharp corners while the latter 
was well rounded. Similar strengths were 
obtained for properly designed and vibrated 
concrete. It is concluded that very fine sands 
may be used if the texture is rough enough 
to insure good bond, especially when the 


cement factor is low 


Portland cement from oil shale 


Rock Products, V. 


57, No. 7, 
1954, pp. 59-104 


July 
Reviewed by Martin MAHLer 
experiments in Europe have proved the 
commercial feasibility of using oil shale both 
as a fuel and ingredient in the manufacture 
of portland cement at considerable savings 
in production costs. Organic matter present 
in the shale can be used as a fuel for the 
process of caleining for cement clinker. 
In the usual cement plant, considerable 
equipment for storing and handling the fuel 


is required. If shale is used as raw material, 
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no such fuel handling equipment is needed 
In considering an operation of this type, if 
is necessary to obtain accurate analyses of 
the oil shale and the limestone deposits on 
hand. If the right kind of shale is mixed 
with the right kind of limestone, the ideal 
composition of portland cement can be 
obtained. Ordinary kilns cannot be used 
due to the fact that the fuel enters the kiln 
mixed with the raw feed. Thus, vertien! 
kilns must be used All the rest of the 
equipment required for a cement plant. is 
the same in both types of plants 


Water association and hydrogels 
Forstinp, Handlingar Proceedings) No. 18 
Swedish Cement and Concrete Research Institute 
at the Royal Institute of Technology, Stockholm 
1953, 16) pp reprinted from Proceedings, Second 
International Congress on Kheology, Oxford, 1954 


Acrion'’s St 
It is suggested that the characteristic 
features of lvogels be interpreted in terms of 
specific interactions occurring between the 
solid and liquid phases. With hydrogels it 
is shown that the specificity of the gelation 
mechanism arises as a consequence of the 
electronic structure of the water molecule 
and of the arrangement of hydrophilic groups 
in the surface of the solid phase The 
specific interaction leads to a stabilization of 
the water lattice, permitting the gel to be 
treated as a crystalline system. The rheo 
logical properties of the hydrogel are accord 
ingly determined by the occurrence of lattice 
defects and dislocations in’ the stabilized 
liquid phase 


Lattice dynamics of ice and a case of diffuse 
x-ray scattering 
Handlinga Proceedings No | 
Swedish Cement and Conerete Research Inatitute 
at the Royal Institute of Technology, Stockholm 
1954, 42 pp 
SUMMAKY 

This theoretical study forms part of a 
general program of fundamental research 
into the physico-chemical properties of cement 
and concrete. It is, in particular, related to 
investigations regarding the properties of 
hydrogels (see preceding review), the ulti 
mate aim of which is to contribute to the 
knowledge of the atomic or molecular prov 
CSS8EC8 responsible for the plastic behavior of 
fresh and hardened This stud 
deals with some specific problems concerning 


the behavior of the water molecule in’ dy 


namical equilibrium with its neighbors in 
the solid state. An attempt is made to 
compare the intermolecular forces and the 
experimentally determined constants ol 
Clasticnty 


Influence of the finest particles in portland 
cement (Ueber die Rolle der Feinstanteile im 
Portlandzement) 
W. Czennin, Zement-Kalk-Gips (Wiesbaden), V. 7 
Pagungsnummer, Apr. 1954, pp. 160-166 
Reviewed by H. 

Krom a series of commercial cements 
originating from rotary and shaft kilns the 
finest particles were eliminated by a modified 
Wolf air separator in a range from O 
Cement and mortar compositions and 
characteristics prior to and after the 
ration were compared 

\s expected, the setting time of cements 
having low percentage ot fine particles becume 
considerably longer Correspondingly — the 
initial strength was lowered but after a vear 
there were no strength differences left. The 
resistance to frost was strongly diminished 
by the separation of the fine particles while 
on the other hand resistance against a 5 
percent MgSO, solution appears to be im 
proved Chemical analysis of the finest 
particles showed insoluble 
matter, a strong decrease of the silicate 
module, as well as a considerable Inerense 
alkalies and SO \ closer investigation inte 
the finest particles is presently under way 
in the Research Institute of the Austrian 
Cement) Makers’ Federation (Oesterreichi 
scher Zementverein) 


Prospective chemistry of cement and concrete 

—Part 10 

Natuan ©. Roekwoow, Rock Producta, 

Aug. 1954, pp. 136, 140, 144, 149, 151 
Reviewed by Mantrin Manten 


57, No. 


All researchers apparently agree that the 
constitution and structure of the hydration 
products ol portland cement could be 
established until the constitution of the un 
hydrated portland cement clmker itself was 
established It is now sale to sav, after a 
half century of portland cement research 
that the experts are in agreement as to the 
constitution of the main constituents of 
portland cement. The only doubts appear to 
be as to the exact way in which the aluminum 
wid iron oxides combined with the caletum 


md it is possible this may be different in 


= 


_ 

J 

] 

| 
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different cements. So, one can now define 


portland cement as a complex aggregate of 


erystals and glass (amorphous material) 
composed of the oxides of calcium, silicon 
aluminum, iron and the alkalies 

There seems to be accumulating evidence 
that 


the alumina or aluminosilicates in the 


kiln 


alumina 


raw materials are broken down in the 


to single tetrahedra of silica and 
and that these are joined or bonded together 
lattices by the 


mainly 


in three-dimensional eations 


(positive ions) through common 


anions (negative bons) 


Standardization of concrete mix design 


Melbourne VV. 41, No. 4, No 1954, pp. 142-149 


Describes a method developed by the 


author for proportioning and control of 


concrete mixes to meet compressive strength 
illustrative 


requirements An example is 


included 


Pavements 


Flexural strength of concrete pavements (in 
Swedish) 
Tekniska Meddelanden och 


No. 12, Dee 


1954, pp. 526 
Higuway Reseancn Anerkacts 
24, No. 4, Apr. 1954 


Deseribes a series of investigations on the 
effect of various factors on the determination 
of modulus of rupture by bending tests on 
The Con 


which is 


beams sawn from the pavement 


erete mix used one normal 


under Swedish conditions: 325 kg of cement 


per cum (185 Ib per cu yd) and no slump 
Factors studied included depth and length 
of beam, temperature, curing, early drying, 


and COM porison between sawn beams and 


those cast into molds from the same mix 


Highway engineering 
Lavunence |. Hewes and Crankson 


John Wiley & Sons, Ine., New York, N.Y 
pp., $8 


154, 


Primarily intended as a text for under- 
vraduate college courses in highway engineet 
ing, this should be that 


purpose, Tt will also serve quite well as an 


book excellent for 


addition to the reference library of many 


practicing highway engineers, since it offers 


summary olf many new developments 
technology, 


field oft 
The background and arguments for 


highway particularly in the 


controversial highway economics 


justif 


cation of many controversial plans for 
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financing highway improvements is given 
The approach to design practice is refreshing 
Theoretical principles and research findings 
are correlated with the results of experimental 
studies. Standards in design practice are 


then analyzed on the basis of these funda- 
mentals, and variations in practice are also 
evaluated on the same basis. Certainly, this 
book will be of interest to those engaged in 
all phases of the broad field of highway engi- 
neering. The section on portland cement 
concrete pavements should be of particular 
AC] 


condensed 


interest to members, including in its 
re pages a treatment of the 


history, theory, design and construction 


practices, maintenance practices, and results 


ol tests on experimental concrete roads 


Concrete durability of German Autobahnen 
highways 


Rock Products, V. 57, No. 3, Mar. 1954 


Studies of cements and aggregates and 


methods of mixing and placing concrete 


reveal practices and materials which have 


viven the most satisfactory service Specifi- 


cations and design are covered 


briefly 


pavement 


Developments in the present day rigid pavement 
4. T. Gotpsueck, The Crushed Stone Journal, V. 29 
No. 1, Mar. 1954, pp. 13-19, 24 

Some of 


Traces the developments which 


have come about in design, 


slab 


pavement 


including CTOSS section, subgrades, 


dimensions, joints, reinforcement, and 


erete charneteristies 


Frictional resistance under concrete pavements 
and restraint stresses in long reinforced slabs 
Research 


Bexar Proceedings, Highway 


Board, V. 33, 1954, pp. 167-184 
SUMMARY 

Temperature movements of long unjointed, 
cracked 


observed on 


continuously reinforced, concrete 


pavements, as experimental 


highway projects, are analyzed in relation to 


restraint by frietion. Cracks were found to 


be directly proportional to increasing move- 


ment, and in relation to increasing strains 


in the conerete and in the reinforcement by 


bond slip on each side of closely spaced 


cracks telatively small frictional resistance 


was indieated for daily temperature move- 


CURRENT 


A term “bond modulus, (°° is introduced, 
dependent upon bar size (diameter m) and 
characteristics (active 


bar-concrete surface 


bond defined / } eXpressing 
the decrease in steel stress per in. of active 


bond length on each side of a crack, irre- 
spective of total greater embedded length, as 
substantiated by a few conventional pull-out 
bond tests showing slips at loaded end 


In central slab portions, for cracks usually 


spaced 50 to 100 in. apart, and for low 
bond-modulus reinforcement, moderate full- 
restraint stresses lor daily temperature 


changes are indieated by derived tormulas 
The observed absence of restraint to seasonal 


slabs Is em 


length adjustment of up. to long 
continuously-reinforced highway 


phasized 


Highway and airport concrete plants 


Puropore B. Jn., Construction Methods and 
Equipment, Feb. 1954, p. 66 

ARBA INvormMation Digest 

Mar. 1054 

Article includes descriptions Ol Varios 

plant layouts with ACCOMPAany ng sketches 


showing location of equipment, stockpiles 
Also included is a table 
production and quantities for 60 


and supply lines 
ol paver 
sec” time tor 


mixing various types of mixers 


Precast concrete 


Precast concrete in school building 
and 
No. 5 


tional London 


1954, py 


Conatru 


Ma 


Engineering 


171-175 


Concrete 
Vv. 49 
Over 300 schools have been built in england 
using steel frames and precast concrete floor 
slabs The design ol slabs 


modules of 3 ft 4 in. and & ft 3 in. are 


and wall for 


discussed 


‘workhorse’ ballast 
1953, p. 34 


Concrete block form 
Concrete, V. OL, No, 12 


Ler 
Describes special precast concrete block used 


as ballast counterweight for floating cranes 


Precast reinforced concrete bridge structures 
(in Hungarian) 
Velyepitestudaomany Szemle \ 


} SOLOSKEL ‘ 
No. 2, 1953, py 77 


KRACTS 


Preunical Ans 
\ 154 


No. J 


Prefabnecation is classified from different 
points of view and grouped according to the 
the the 


the degree ol 


material of structure, site of fabri- 


eation, and 
Prefabrir ated 


prefabrication 


bridge structures Hunger 
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are discussed The plans of several pre 
stressed and precast girder and partially pre- 
fabricated slab girders are described as well 
as the design of an approximately 20-m span 
bridge with post-tensioned and prefabricated 
girders Other examples relate to normally 
reinforced prefabricated structures and these 
bridge, a single 


the \ 


type, and an areh bridge with tie rod 


include a continuous girder 


girder pipeline frame bridge of pier 


Precast concrete construction in the Philippines 


tay W. Foraker, Engineer Corps Bulletin 

U. 8S. Na V. 8 No. 7, July 1954, pp. 18-21 
Details briefly precast conerete 

construction at Navy bases the 


Philippines 


Prestressed concrete 


Tests of prestressed precast concrete 


W. Aneces, Concrete and Conatructional Engines 
ing (London), V. 4%, No. 5, May 1054, pp. 155-157 
Routine acceptance tests have been made 
on nearly 3000) prestressed members since 
148. The purpose of these tests is to in 


vestigate the quality and the efficiency of 


the prestress. The quality is determined by 
the deflection which Indicates Young's 
modulus of elastierts The requirement is 
that it should not be less than 4 * 10° psi 
The magnitude of the prestress was investi 
gated by a loading approaching the load 


causing cracks 

It his 
members 
lated as 


been shown that in tensioned 
the 
a homogeneous section, is LOOO pri 
28-day 7000 


been made in 


pre 


stress causing eracks, ealeu 


flor a cube strength of psi 


Jused on this, many tests have 
which tensile stresses of 750 to SOO psi were 
The 


few instances and there was always a special 


obtained ecnused cracks in only a 


cause for cracking in those ceases 


High strength concrete required for prestressing 


K. R. Banxs, Commonwealth Engineer (Melbourne 
V. 41, No Sept. 19545, pp. 48-51 
Concrete for prestressing requires high 


compressive strengths Proportioning of 


high strength satisfies the normal 


durabilit 


mixes lor 


requirements for and abrasion 


resistance and is required to minimize losses 
due to elastic and plastic deformation. This 
paper summarizes material quality, work 
ibility, and mix proportioning proceedure to 
obtain these high compressive strengths 


« 

gives 

7 

if 
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Symposium on prestressed concrete 
Cement and Conerete Assn 
Australia, 1953, 96 pp 


of Australia, Sydney 


This publication contains 11 papers (and 
discussion) on prestressing. Topics include 
overload behavior, manufacture of pipe, pre- 
cast prestressed units, the Freyssinet system, 
Magnel-Blaton system, Lee-MeCall system, 
Preload design of Bobbin Head 
Bridge, pavements, the prestressed tower at 
Warragamba Dam, and high strength con- 
The last 


syvatem, 


crete three papers are reviewed 


below 


Prestressed concrete pavements 


N. Cuasvon, Symposium on Prestressed Concrete 

Cement and Conerete Assen. of Australia, 1955 
pp. 14-21 

SUMMARY 

‘Tensile caused by 


Stresses temperature 


and moisture variations are the primary 


transverse cracking Wn 


slabs 


joints at close spacings is the common method 


enuse ol concrete 


pavement Installation of transverse 
of controlling such cracking, but these joints 
increase the cost of construction and mainte- 
nance. It has been demonstrated that it is 
possible to reduce or eliminate tensile stresses 
due to factors other than applied loading by 
the use of prestressing 

This paper discusses briefly the effects of 
subgrade friction and temperature gradients 
across the thickness of a pavement slab and 


shows how to determine the amount of pre- 


stress required to counteract the tensile 


stresses produced The various methods of 
applying prestress are deseribed and details 
ot completed 


prestressed pavements are 


given. Finally, the more important advan- 
tuges to be gained by the use of prestressing 


are discussed 


Prestressed concrete tower at Warragamba Dam 


O'Brien Drestreased 
Cement and Conerete Assn. of 
po. d0-39 


Australia for housing ice 


Symposium on Concrete 


Australia, 10534 


tower at) Warragamba Dam in 
machines, cooling 
equipment, and aggregate testing laboratory 
lor concrete production utilized a prestressed 
six-story building frame. All columns and 
beams were precast on the ground, columns 
prestressed in casting yard, lifted into posi- 
tion, and then joined together by prestressing 
the whole encountered 


frame Problems 


in design and erection and their solutions 


are covered 
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High strength concrete for prestressing 
K. R. Banks, Symposium on Prestressed Concrete 
Cement and Concrete Assn. of Australia, 105% 
pp. 40-54 

Auruorn's SumMMaARY 


The beneficial application of prestressing 
generally requires the use of concrete with a 
quality level well above that commonly met 


in normal construction work. High ultimate 


strengths are always necessary, and high 


early strengths will often be essential to 


economic production. The answers to these 
problems are to be found in mix 


design, sound materials and, above all, strict 


proper 


quality control on the job. For very high 


strengths dry mixes are necessary, calling 
for extra care and special mixing and com- 
paction methods. High early strengths may 
additionally require the use of special cements, 
heat curing. In all such 


work, economy in supervision is likely to be 


accelerators, and 


fulse economy in the long run 


Prestressed concrete bridges (in Spanish) 
Janoscav Broek, Revista del Colegio de Ingenicros di 
Venezuela (Caracas), No. 219, June 1954, pp. 20-26 
Reviewed by Joseru J. Wanppent 
Presents some details regarding prestressed 


concrete for statically indeterminate bridge 


structures. Such structures are classified as 


either continuous beams or rigid frames 
They can be prestressed by various methods 
Two methods are discussed 

The first of these systems (Dywidag) uses 
steel of 26-mm diameter with a breaking 
strength of 9000 kg per sq em (128,000 psi) 
In the Dywidag system the position and the 
number of wires change in accordance with 
the changes in the bending moments in the 
beam. Three examples of this system built 


in Germany are given a bridge over the 
Isar River at Landshut, one over the Danube 
Worms 
As an example of the second system dis- 
(Leoba), «a detailed description is 


made of the bridge over the Danube 


at Ulm, and one over the Rhine at 


cussed 
tiver 
at Untermarchtal In this construction the 


beams are of ordinary conerete, reinforced 


with cables placed in’ an undulating line 
This line is determined by a series of points 
In such manner as to eliminate tension in 
the conerete 

Reviews of other articles describing these 
found in’ the 
ACT Journat 


1953, p. 334 


structures may be “Current 
Reviews” section — of the 


Proc. V. 50, as follows Dew 
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“Wrap-Around Cables Prestress Long Con- 
Bridge,” Engineering News- 
Record, V. 151, No. 10, Sept. 3, 1953, pp 
13-47; Apr. 1954, p. ‘Several Pre- 
stressed Concrete Bridges in South Germany 
Der Bauingenicur, V. 28, No. 9, 1953, 
pp. 316-323; Apr., 1954, p. 693: “Dywidag 
Procedure of Prestressing,”” T'ravaur, 37, 
No. 223, May 1953, pp. 207-303 


tinuous-Girdet 


Sept 


Influence of creep and shrinkage on the state 
of stress in prestressed concrete girders (Der 
Einfluss des Kriechens und Schwindens auf den 
Spannungszustand in Tragwerken aus vorges- 
panntem Beton) 

Der Bauingenieu 
No. 1, Jan. 1954, pp. 15-20 


Reviewed by Arnon I 


Berlin Vv. 2 


\Mimsky 

After setting up equations for the general 
case of prestress applied via any number of 
independent tendons, with and without bond, 
based on compatibility of strains (‘continuity 
author ready-to-use 


conditions’’), presents 


formulas for the relatively common special 


ease Ol prestress applied by cubles at two 


levels Use of formulas is illustrated with 


two numerical examples 


Prestressed multistory building in London 
Concrete and Constructional 


V. 49, No. 3, Mar. 1954, pp 


Engineering (London 


An amply-illustrated 
first 


ke seription ol the 


multistory continuous-frame structure 


embodying prestressed beams constructed in 
The five-story 


england building is 219 ft 


long by 47 ft wide 


Properties of concrete 


Cracking in concrete masonry 
Sydney V, 26. No. Mar 


Conatructional Rerieu 
1954, pp. 24-26 
Discusses various 


causes of cracking in 


concrete masonry with special consideration 
to volume changes caused by moisture and 


temperature variations 


Experiments with steam curing under pressure 
of portland cement concrete (in Hungarian) 


Z. Avonyt, Epitoanyag, V. 4, No. 5-6, May-June 

1952, pp. 110-112; No. 7-8, July-Aug. 1952, pp, 
140, 

HUNGARIAN AustRacts 

No. 4, 1954 


The increase in strength obtainable with 


steam curing (176 ©, 4 I6-cm mortar and 
concrete test specimens) is due primarily to 
formed b the 


the hydrated calcium sihieate 


reactions of sand GS70.) and the 


freed in the clinker minerals teervstalli 


zation or the complete hydrolysis of cement 
particles during steam 


Occurring curing 


accounts for only a 60 to 70 kg per sq em 


increase in strength. In steam curing mag 
nesium oxide hydrolyzes as well and reacts 
The 
1150 sq em per g specific sand 


with sand greatest strength values 
occur autou 
surlace The increase in strength depending 
the specity sand surface and the com 
pacting work is added to the strength of the 
unsteamed The grading of the 


should 


untreatecdk conerete 


Spec linens 
aggregate of autoclave-cured concrete 
be identical to that ol 
(the fine sand component must be added to 
the cement). Steam curing reduces the size 


ol pores in conerete 


Properties of concrete containing a blend of 
portland cement and air-entraining ground 
blast-furnace slag 


Witttiam Garten and 
Roads, V. 28, No. 3, Au 1054 


Publ 


\ 


MMARY 


reported indicate that 


blast-furnace 


Results of tests 


finely ground slay containing 


an oair-entraining admixture can be used 


advantageously in concrete as a blend with 


non-air-entraining porthind cement Dun 
ability of conerete containing this blend was 
equal or superior to that of corresponding 


coneretes made with either oF 


non-alr-entraining used 


blended 


lnvorable 


cements 


alone oof with natural cements 


Similarly strength performances 


was observed except in comparison to eon 
crete made with unblended non-air-entraining 


portland cement 


Some observations on expanded blast furnace 
slag concrete 
bk. Dewrenor, 


1954, py 1654-167 


Reviewed | Jace 


and Quarry, V. No. 


Describes use of expanded slag in conerete 


considering in detail the porosity, weight 


ind color of slag, air entramment 


and bat 


in slag conerete grading hing 


compacting the mi ind steam curmg 


Applications of light microscopy in concrete 
research 


KATHARINE Marien Syinposium on Light Miero 
cops Special Publication N i ASTM, 195% 
1-70 

Ac SUMMAKY 


The ation light it 


outgrowths of if 


concrete resenureh ime 


* 
ane 
= 
: 
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applications in petrology, mineralogy, and 


chemistry, but there is more quantitive 


emphasis in its use in concrete research than 


ix common in petrology. Metallographie and 


combined petrographic and metallographic 


techniques are used to study portland cement 


Normal petrographie methods are used to 


study aggregates and cement-aggregate re- 


actions. Air content and bubble spacing in 


concrete are investigated by linear traverse 


and point-count techniques. The use of light 


microscopy in making comparative studies 


of the microstructure of conerete is described 


Investigations on building fires—Fire resistance 
of reinforced concrete columns 


Research Paper No. 18, Part VI, National Building 

Studies, Hler Majesty's Stationery Office, London 
SO pp 

Science Reronren 

No. 1, July 1954 


Describes an investigation of the relation- 


ships between the fire resistance of rein- 


forced conerete columns and the applied 


load, conerete strength, column size, and 


design of the reinforcement. It covers the 
use of various aggregates and the feasibility 
of assessing fire resistance from the results 


of small-scale tests on conerete cylinders 


Structural research 


Flexure of reinforced concrete beams under 
symmetrical composite load (La flexion plane 
composee des pieces prismatiques en beton 
arme) 


Moruarnt 
Batiment et dex 
Mar. Apr. 1954 


Annales de UInatitut Technique du 
Travaus Publica (Paris), No. 75-76 


Reviewed by L. 
The investigation was undertaken to help 
in replacing working stress design of rein- 
forced concrete by ultimate strength design 
Beams were loaded in a plane of symmetry 
in combination with an axial load Tests 
performed on 60° members resulted in the 
development of an ultimate strength design 
method, At the end of the paper is a list of 
62 references on the elastoplastic flexure of 


reinforced conerete 


Effect of various factors on the flexural strength 
of concrete test beams 


C. 
(London), No. 15, Mar 


Vagazine of Concrete Research 
1954, pp. 105-114 
AUTHOR'S SUMMARY 
Describes bending tests on plain conerete 
The test 


an analysis of the effeet of various 


beams results are here used as a 
basis for 


factors on the flexural strength of conerete 


THE AMERICAN CONCRETE 


INSTITUTE 


January 1955 
test beams. The reported results of previous 
this field are 


These are so presented as to 


workers in summarized and 
discussed, 
provide additional data for an analysis of 
the applicability of various theories of the 
effect of 


The paper closes with some practical con- 


dimensions of the test specimen 


siderations which should be taken into account 


when determining the flexural strength of 


plain concrete beams 


Design data for some reinforced lightweight 
aggregate concretes 

Housing Research Paper No. 26 
Finance Ageney, Oct. 1953, 20 pp 
from Superintendent of 
Printing Office 


Housing and Home 

15 cents (available 
Documents, Government 
Washington 25, D. ©.) 


teport of investigations on reinforced 
lightweight aggregate concrete with relatively 
psi) 


monolithically in a structure as distinguished 


low-strength mixes (below used 


from masonry units. Data are presented on 


structural and physical properties of nine 
mixes for each of three types of aggregates 

expanded shale, pumice, and expanded slag 
For each mix, information is provided on the 
and and 
Duta are 


flexural, 


materials their preparation pro- 


portioning provided on com- 


pressive, shearing, and 
strengths; modulus of elasticity; shrinkage; 
and thermal conductivity. The significance 
data 


summarized 


of these for practical application is 


Statistical methods in concrete research 
P. J. Wriair, Magazine of Concrete Research 
London), No. 15, Mar. 1954, pp. 130-149 
SUMMARY 
The assessment of variation in test results 
is discussed and some useful statistical pro- 
cesses are introduced. These include a test 
for the 
sults, the 


of variation in test data, and the fitting of 


difference between two sets of re- 


method of analyzing the causes 


equations to experimentally determined re- 
lationships between two variables. An ap- 
pendix gives a method for fitting a Gaussian 
distribution to a series of test results 


Comparison between pile foundations and 
spread footings 


Gradbent Vestnik (Yugoslavia V.4 


Luso 

No. & 10, 1952 
Reviewed by J. J. Pour 

Tests with two different pile foundations 

are thoroughly discussed: (1) for in 

Zalog near Ljubljana, (2) for Institute of 


Klectro-Communications Draga near 


CURRENT 


Ljubljana In cause | a test pile was driven 
through a very compressible marsh clay into 
that 
the bearing capacity ob a single pile was due 


to friction and that 


sand and gravel layers. It was found 


the settlement ol 
different 


a pile 


foundation — is from that of an 


individual pile In case 2 4 similar Comparison 


was made between a foundation with five 


The results are 
spread foundations in the 
the Mirje, 
Ljubljana, In plastic soil mostly composed 


piles and an individual pile 
compared with 


new building of university at 


of clayey silt Reference is made to concrete 
pile foundations of the Technical University 
at Ljubljana built in 1939 in similar type of 
soil The piles were too short and consider- 
able Another 
discussed in which spread footings proved 


settlement occurred Case 1s 


to be more economical 


Test of a prestressed concrete building frame 
SHEPLEY 


No. 15, Mar 


Vagazine of Concrete Research 
1954, pp. 115-122 


London 


AvTHOK'’s SUMMARY 
Phe 


frame 


behavior of a multistory building 


under vertical loading was simu- 


test to destruction of a full-size 


lated in a 
replica of a single story teinforced concrete 
columns and prestressed beams were mono- 
lithieally the 
concrete and mild steel bars and, during the 
test, 


bonded at joints by in. situ 


measurements of joint moments and 


span deflections were made. The frame was 


according to elastic theory and 


designed 
the 


fushion as 


sections were detailed in contemporary 
the 


pre- 


regards working stresses in 


respective components, reintoreed, 
stressed, and composite The test confirmed 
that a satisfactory design with an adequate 
fluctor of salety against collapse ean be made 


on the basis of an elastic analysis 


Economical upper strength limits of steel and 
concrete in prefabricated (not prestressed) 
reinforced concrete structure under loads (in 
French ) 


ENGO 


Hungariwar 


Technica Academiac contiarum 
Hungary ¥. 0, 

Y. 6 


HUNGARIAN 


The use of high-strength concrete and steel 


in reinforced concrete structures is important 


economically, but it is not profitable to 


increase the strength beyond a certain limit 


There 


materials 


because it cannot be fully exploited 


is a limit to the strain to which 


may be subjected without causing changes 
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in the structure whereby their usability may 
be impeded, such as cracks in the concrete or 
An 
average width of 0.15 mm should be regarded 


limit 


an excessive deflection of the structure 


as a for cracks in beams. The upper 
limit of deflection of girders vuries according 
to their application, but in building construe- 
tions, under a working load, 1 300 of the span, 
under the limit load 1/200 of the span should 
be regarded as the extreme limit 
tests the 
may still be exploited if its flow limit is 5650 
he- 


tween 5500 and 6000 kg per sq em; on the 


According 


to strength of a high-grade stec! 


kg per sq em, @e., in practice roughly 


other hand concrete may be fully exploited 
only if its strength does not exceed 600° kg 


per sq em. The use of materials of higher 


strength in unstressed reinforced concrete 


structures is not economical and serves no 


purpose 
General 
Why make poor concrete? 


K. R. Banks 
26, No, Dee 


Conatructional Revieu 
1954, pp. 21-42 


sydney 


Deseribes that 
from the standards it 
Thus, 


structures 


poor” which 


varies too greatly Wiis 


designed to meet conerete ob too 


high a quality in not calling for 


high quality Is considered here as “poor” 
The 
criterion established to judge conerete is the 


Phe 


coefficient of 


concrete because of its increased cost 


compressive strength of test cylinders 
the 
the 
The major portion of this discussion enu- 
the 
discusses their effeets on the variation-from 

The effects of 
and kind of 


used, 


measure of variability is 


Variation, percentage ol mean value 


merates variables In conerete work and 


mean of conerete strength 
the de 


portioning, 


control over 
the 


gree ol pro 
the 


mixing on conerete strength are 


materials and 


method of 


discussed Variations brought about in 


handling and transporting Nacing and 


compacting, curing, and testing are also 


considered 


Summary and appraisal of economic and 
technical factors in high-pressure steam curing 


Date Coun, Pit and Quarry, V. 46, No. 7 1054 
245-246, 2490-250, 208 


teview of research and developments in 


high-pressure steam related to 


blow k 


in autoclaving 


euring iis 


industry equipment and processes 


ure also lise 


‘ i 

ig 

Fp 
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Foundations for machinery (Maschinenfunda- 
mente) 


28, 


Vil 
1055, pp, WO7-074 
Reviewed by Anon 


After summarizing the requirements to be 
met in overcoming the effects of vibration, 
article briefly presents a series of completed 
foundations for various types of machinery. 
has been aec- 


Valuable as a survey of what 


complished 


Formwork for cylindrical water tank (Form- 
byggnad for cirkular vattenreservoar) 
8. Bsonkman, Betong (Stockholm), V. 48, No. 2, 1954 
pp. 127-120 
Reviewed by Hogxesrap 

Form pressure is resisted by rings consist- 
ing of | x 4-in. planks bent on the broad side 
and nailed together. These rings also serve us 
horizontal studs to which the form lining is 
nailed. External and internal forms for cir- 


cular tanks are not connected 


New type reinforced railway sleepers 


J M ASHWORTH, Commonwealth 


a. M. Engineer 
(Melbourne), V. 41, No. 5, Dee. 1954, pp 


178-179 
Describes a new type of reinforced concrete 
The tie 
ix post-tensioned several weeks after casting 


railway tie developed in Germany 


It is said to have a life of 60 years but actually 
will last this tie 


welded 


much longer. The use of 
has allowed the use of 


track 


CONTINUOUS, 


Water towers—arithmetic or shape problems 
(Vattentorn, rakneuppgift eller formproblem) 
H. Msowena, Betong (Stockholm), V. 38, No. 3, 1953, 
pp. 195-202 

Reviewed by 


An architect discusses the architecture of 


water tanks. Particular attention is) given 


to concrete structures Several attractive 


solutions are suggested, some including a roof 
terrace with a restaurant, 


Influence of variables in the vibration of 


concrete 
PLOwMAN, Con 
No. pp. 205-207 
V. 21, No. 2, Feb. 1954, p. 26 
Higuway Ausernacts 
V. 24, No. 4, Apr. 1954 


Build. Concer. Products, 
Koad Abstracts (London 


The effeets of frequency, acceleration, and 
time of vibration on the strength of a concrete 
mix of constant 


proportions, water-cement 


ratio, and grading are described. Frequency 
of vibration has little effect and the compac- 
tion 


time is directly 


proportional to the 
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proportion of water in the mixture. For a 


given mix there is a certain “critical” water- 


to-cement ratio, for which the strength is 


independent of the acceleration; at lower 
ratios, Increased acceleration results in higher 
strength but at higher ratios the reverse 
relation occurs and the concrete is unsuitable 
for vibration. Some gradings of aggregate 


also render the concrete unsuitable for 
vibration, and in molds the mix has rotational 
instability; air is sucked into the mass during 
vibration and the strength of the concrete is 


reduced 


Economic studies in engineering: Prestressed 
vs. conventional reinforced concrete reservoirs 


Baoce Meter, Geracp R. Swinanr, and 
J. Hromavik, Bulletin No. 4, Engineering Experiment 


Station, University of Nebraska, Lincoln, Neb., Apr 
1954, 20 pp 
telative influence of first cost on total 


reinforced 
reservoirs is presented briefly, followed by a 
Study 
covers a range of capacities from 500,000 to 
6,000,000 gal. 
material quantities or for 


cost comparisons — of concrete 


specific application in detailed form. 
In general, for either minimum 


fixed 
vation, it was found that if the unit price of 


water ele- 


prestressed wall concrete in place is less than 
twice the unit price for conventional design, 
“a prestressed reservoir may be expected to 


he competitive with a conventional design 


Reinforced concrete pressure pipe 
M. W. Lovina, Rock Products, V. 57, No. 1, Jan. 1954, 
pp 13-142 


Discusses manufacture, transportation, and 


installation of reinforced concrete pressure 
pipe used on a part of the San Jacinto-San 
Vineente aqueduct. Details of the materials 


and equipment used are included 


Locating steel reinforcing bars in concrete slabs 


4. C. Wuairrin, The Engineer (London), V. 197, No 
5134, June 1S, 1954, pp. SS7-SSS 

Reviewed by Anon L. Minsky 

Interesting account using 


gumma radiography to locate accurately the 


of experiment 


positions of reinforcing bars in 6 in. thick 
slabs of concrete. Cost of equipment was low 
(under $60); operation was simple and safe; 
results were accurate, as proved by cutting 
up the slabs and measuring the positions of 
the bars. In this study, depth of bars below 


surface was known; method is easily ex- 


tended to case where this factor too is un- 
known 


CURRENT 


Shearing resistance of bolts partially 


em- 
bedded in concrete 
I). R. Youne and R. A. Heenrman, The Trend in 
Engineering at the University of Washington (Seattle), 
V. 6, No. 2, Apr. 1954, pp. 16-21 
Reviewed by L. Mirsky 


Three factors were investigated in prelimi- 


nary stage: ultimate strength of concrete, 
diameter of bolt, and length of embedment 
of bolt. 


definitely effeets of these factors and will 


Future tests will determine more 
also investigate effect of edge distance and 
of reinforcing steel in vicinity of bolt, which 
the exploratory program indicated might be 


important, 


Cost accounting for a ready mix plant 
Joun W. Mureuy, Concrete, V. 61, No. 6, 
pp. 6-14 


June 195% 

Author discusses the value of cost records 
in operating a ready-mixed concrete plant 
It is pointed out that a company is in a 
better position, 


competition-wise, if cost 


records are available to show where savings 


can be made 


Formwork and shuttering for concrete con- 
struction 


Reinforced Concrete Revieu 
1954, pp. 217-248 


London No. 4 


Twenty-one representative examination 
questions and their model answers are used 
to discuss formwork for concrete construction 


from the viewpoint of the carpenter 


Recent advances in concrete technology and 
design 

K. R. Banks, Constructional Review 
No. 9, Jan. 1954, pp. 15-27 


Sidney V. 26 


\ discussion of the developments in con- 
erete which have occurred in the past five to 


ten years. General divisions of materials, 


concrete technology, structural design, and 


construction methods are each handled 


separately 


High pressure meter for determining air 
contents of hardened concrete 
H. Buanoin and J. H. Ascuaver, Highway 
Engineer, 5 o. 4, pp. 2-3 
Hiaguway Researncu AusTRActTs 
Feb. 1954 


The principle involved in this apparatus 


is similar to the meter used with plastic 
concrete, except that higher pressures are 
employed and the system is completely 
filled with water. Water is forced into the 
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hardened conerete reducing the volume ot 
air within the specimen The volume of air 
is calculated from the distance the ram, which 
The method of 
the 
determination — of 


applies the pressure, moves 
the 
involved in 


mathe- 
the 


calibrating apparatus and 
matics 


entrained air are given 


Exposed concrete roof slabs 


V. B. Banpsuntsa, Ciril 
Navy, 8, No. 3 


Bulletin 


Engineer Corpa 
Mar. 1054, pp 


Discusses the successful use of exposed 


concrete for roof slabs Puerto Rico and 


other Caribbean countries Inspection of 
buildings having exposed-concrete roots up 
to 15 vears old have shown remarkable dur- 
This attributed to (1) 


temperature variation; (2) 


ability. 


success 1s 
low moderate 
rainfall; (3) use of a dense concrete, properly 
cured; and (4) sufficient structural design to 


prevent unnecessary cracking 


Workability of vibrated concrete 
J. M. PLowman 


Magazine of Concrete 
London), No. 15 


Mar. 1954, pp. 127-140 
SUMMAKY 


Research 


the 


content 


Describes a method of comparing 


workability of mixes of low water 
by measuring the power required to vibrate 
them under standard conditions. A relation- 
ship between the number of gaps in a grading 
and the average power demand is obtained 
from energy-time curves for 


and types ol grading An example illustrates 
the use of this relationship in caleulating the 
weight of concrete which can be vibrated on 


a table under given conditions 


American standard building code requirements 
for masonry 


National Bureau of Standarda Miscellaneous Publi 
cation No. 211, July 15, 1954, 39 pp., $0.20 (available 
from Superintendent of Documents, | Ss. Govern 


ment Printing Office, Washington 25, LD. ¢ 


A revision of the 1944 edition, it is a com- 


plete code of minimum requirements for 


masonry construction including definitions, 


requirements for materials, allowable stresses, 
and general 


requirements for all types of 


masonry except reinforced masonry and thin 


veneers It has been approved by the 
American Standards Assn. with the desig 
nation 41.1 195% The basis of the 


requirements of the standard, together with 
examples of good practice, is discussed in an 


appendix 


4 
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Pole anchors—concrete products specials 


Lup Lino Concrete, V. O1, No, 12, Dee. 195% 
pp. 28-20 

briefly describes conical-shaped pole 
anchors made of concrete, as used by utility 


companies 


Data book for 


civil engineers. V. 3—Field 


practice 
EL.wyn E. Seevye, 2nd Ed., Join Wiley & Sons, Ine 
New York, N 1954, 304 pp., $7.50 


\ durably covered pocket-size field refer- 


ence book particularly slanted for field 
inspectors’ use Material includes handy 
check lists and reference data of the type 
frequently required on the spot for field 


working on 
projects \ 


engineers building and paving 


short treatment of surveying 
Standard methods 


tests employ ed on 


is included 
are given for 


and layout 
COMMOn 
conerete, and soil 


asphalt, Sampling 


methods are 


Simplified site engineering for architects and 
builders 


Hanky Parken and Joun W 
& Sons, [ne New York, N. Y 


MacGuire, John Wiley 
1954, 250 pp., $5 
Contains information for producing com- 

plete and accurate site plans. Covers the 


NECOSSALS mathematics for mensuring 


distances and angles, land surveys and survey 


computations, computation of areas eireular 
curves, leveling, and contours and then 
Uses. Other chapters cover computations 


for cut and fill, vertical curves, drainage and 
grading, staking out buildings and roads, site 
selection consideration, and a cheek list for 


site plans 


Portland cement—lts production and use (Der 


Portland-Zement—Seine Herstellung und 
Verarbeitung) 
Scuorr, Zeitschrift VDT (Duesseldorf), 96 
No. 15-16, June 1, 1954, pp. 465-471 
Reviewed b Anon I Minsky 
brief survey of the history, 
production, types, and use (in making 


eonerete) ol portland cement Crerman 


standards recognize thres qualities ol cement, 


determined by lime content, precision of 
burning, and fineness of grind; and = there 
are several types, such as slag, trass, and 
aluminous. In this connection, F. Toelke’s 
note on the production of low-heat, sulfate- 
resistant cements, in the May Il, 1954, 
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Issiie ol Zeitschrift Dl (\ 


will also be of 


6, No. 14, p. 412) 


Interest 


Production of concrete for large structures 
(Betonbereitung auf Grossbaustellen) 


De Berlin), V. 20, No. 1 
Jan. 1054, pp 


Bauingenieu 
20-40 
Anon L 


Reviewed by Miksky 


Problems and practices of mass concrete 


and massive conerete construction. Con- 
struction plant (which is currently receiving 
considerable attention in the German press), 
heat development, air entrainment, and other 


topies are discussed 


Exterior surfaces finished with mortar of colored 
portland cement or with ‘‘Cempexo'’ (Facader 
med farvet cement og Cempexo) 


Beton-Teknik (Copenhagen), V. 20, No. 2, July 
pp. 46-51 


1054 
AUTHOR s SUMMARY 
Mentions a few examples of surface treat- 
ments with colored cement and with “Cem- 
pexo.”” Also gives some hints on the practical 
use of these materials 


Shell concrete today 
Architectural Forum, V. 101, No. 2, Aug 


157-167 


1954, pp 


thin-shell 
Types illustrated include folded 


grief, well-illustrated review of 


structures 


and curved slabs, long and short barrels, 


conoids, simple and rectangular domes, 


groin vault, and hyperbolic paraboloids 


Committee on economy of forms for concrete 
structures 


Rainer, Larasne, and KamNikan, Gradbent 
Vestnik (Yugoslavia V. 4, No. 9-10, 1952 


Reviewed by J. J. PoutvKa 


Due to an increasing shortage of lumber 
the Society of Engineers and Builders and of 
Public Works in Slovenia organized a com- 
mittee which investigated the possibilities of 
greater economy in) forming Conclusions 
recommendations are 

In the 
Bubnov describes prefabricated forms intro- 


duc ed by 


and presented in this 


paper second part ot the article, 


Dywidag and Siemens-Bauunion 


Method for analyzing concrete mixes 
Witiiam J. Anoerson, Concrete, V. 61, No. 12, Dee 


1954, py ra 


Several conerete mixes used on recent 


projects are analyzed and conclusions drawn 


regarding the part that paste and aggregates 


play in the conerete 


